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ABSTRACT
COLLABORATION AND CRITICAL THINKING IN AN
ONLINE CHEMISTRY ENVIRONMENT
Elizabeth Kershisnik, Ph.D.
Department of Educational Technology, Research and Assessment
Northern Illinois University, 2016
Hayley Mayall, Director
The purpose of this dissertation was to examine collaboration and student’s critical
thinking and cognitive achievement within online chemistry courses. This quantitative study
focused on the apparent lack of research relating collaboration and critical thinking in online
science courses. Collaboration was determined using the small group collaboration model coding
scheme, which examined student postings in asynchronous discussion forums for quantity,
equality, and shareness. Critical thinking was measured using the chemistry concept reasoning
test, the online self-diagnostic test, and also asynchronous student homework discussion postings
that were coded using the community of inquiry cognitive presence indicators. Finally cognitive
achievement was determined using quiz scores and the student’s final grade. Even though no
significant findings were revealed in this exploratory quasi-experimental study, this research did
add to the educational technology knowledge base since very few studies have investigated the
chemistry discipline in an online environment. Continued research in this area is vital to
understanding how critical thinking progresses, how it can be assessed, and what factors in the
classroom, be it virtual or face-to-face, have the greatest effect on critical thinking.
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CHAPTER 1
INTRODUCTION TO THE STUDY

U.S. executives say they need a workforce equipped with skills beyond the traditional
“three Rs” of reading, writing, and arithmetic if they are to grow their businesses in the
21st century. Today’s employees need to think critically, solve problems, innovate,
collaborate, and communicate more effectively—at every level within the organization.
They must excel at the “four Cs”: critical thinking, communication, collaboration, and
creativity. (American Management Association, 2012)
Critical thinking and collaboration are two of the many transferrable skills employers are
demanding of college graduates (Choudhury & Gouldsborough, 2012; Fram, 2013; Gokhale,
1995; Kishore, 2013; Pisutova-Gerber & Malovicova, 2009). In fact a recent survey by Hart
Research Associates (2013) found more than 75% of employers wanted colleges to stress five
key learning outcomes; critical thinking, complex problem-solving, written and oral
communication, and applied knowledge in real-world settings. Employers actually placed a
higher priority on the five key learning outcomes over the college graduate’s major field of study
(Hart Research Associates, 2013).
Higher education institutions also value critical thinking skills (Association of American
Colleges and Universities, 2011; Bok, 2006; Buraphadeja & Dawson, 2008; Flores, Matkin,
Burbach, Quinn, & Harding, 2012; Jacob, 2004; Liu, Frankel, & Roohr, 2014; Quitadamo,
Faiola, Johnson, & Kurtz, 2008). Teaching critical thinking skills goes back to John Dewey’s
(1933) pioneering book, How We Think. According to Dewey (1933), the primary purpose of
education is “learning to think” (p. 176). Graduating from high school or even obtaining a
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college degree does not guarantee the development of critical thinking skills (Ip, Lee, Chau,
Wootton, & Chang, 2000; Stephenson & Sadler-McKnight, 2016; Suliman & Halabi, 2007). In
1984, the National Commission on Excellence in Education released A Nation at Risk
highlighting the fact that “many 17-year-olds do not possess ‘higher order’ intellectual skills”
(USA Research, Inc., 1984, p. 9). Higher education institutions did not escape this scrutiny either
(Flores et al., 2012). In the last decade, two books, Our Underachieving Colleges: A Candid
Look at How Much Students Learn and Why They Should be Learning More (Bok, 2006) and
Academically Adrift (Arum & Roksa, 2011) have been published questioning the ability of
tertiary institutions to graduate students with the critical thinking skills that will make them
employable in our ever advancing technological society.
What can educators do to develop critical thinking? Numerous studies have shown
collaboration among students may be the answer (Fung, 2004; Gokhale, 1995; Johnson &
Johnson, 1989; Pisutova-Gerber & Malovicova, 2009; Quitadamo et al., 2008; Yamagata-Lynch,
2014). Students need to feel they are part of a safe non-threatening environment or community,
in order for collaboration to develop (Bliss & Lawrence, 2009; De Leng, Dolmans, Jobsis,
Muijtjens, & Van Der Vleuten, 2009; Tsai, 2001). Building a sense of community is very
important for any student entering college either as a traditional student or as a mature learner.
Students who fully integrate into the college experience, academically, socially and
institutionally perform better and are less likely to exit college early (Brown, 2001; Dowling &
Ryan, 2007; Lake, 1999; Tyler-Smith, 2006). Students who feel part of a community are more
likely to persist since they have developed relationships and feel involved (Boston et al., 2009;
Brown, 2001; Tinto, 1993). This sense of community can develop from collaborative group
work, which in turn also promotes critical thinking (Johnson & Johnson, 1989; Slavin, 1990).
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The problem is not all college students have the ability or time to attend college courses
at a brick and mortar institution due to family and/or work obligations. Attending college courses
online maybe the answer to this problem and college enrollment trends tend to bear this out.
Enrollment in online courses at postsecondary institutions has dramatically increased. In the fall
of 2002, 9.6% of all postsecondary students were enrolled in online courses (Allen & Seaman,
2013). That percentage has increased to 28.4% as of the fall of 2014 (Allen, Seaman, Poulin, &
Straut, 2016). In the Instructional Technology Council’s (ITC) 2012 survey of community
colleges, online learning was the leading source of enrollment increases (Instructional
Technology Council, 2013) even as face-to-face course enrollment has fell (Allen et al., 2016).
The online environment is also a perfect arena for students to develop abilities in collaboration
and communication that are vital in this global workplace (Lambert & Fisher, 2013).
Collaboration and communication take place in the online environment using
synchronous and asynchronous communication tools. Synchronous communication tools, such as
Blackboard CollaborateTM and Adobe ConnectTM, allow distance-learning students synchronous
interaction with their instructors and other students. One problem with synchronous
communication, however, is the lack of flexibility. For synchronous communication to take
place, the instructor and students must all be available at the same time. Asynchronous
conferencing tools on the other hand, allow for student-student interactions and studentinstructor interactions anytime and anywhere, but can limit opportunities for immediate feedback
(McLuckie & Topping, 2004; Vonderwell, Liang, & Alderman, 2010). An asynchronous online
environment can also foster collaboration among students who are separated by distance and
time (Bliss & Lawrence, 2009; Fung, 2004). These distance learners can study in their own
space, at their own pace, and at times that are convenient for them and their families (Benbunan-
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Fich & Hiltz, 2003; Blazer, 2011; Lake, 1999; Murphy & Coleman, 2004; Tiene, 2000; Tucker,
2012; Yamagata-Lynch, 2014). Asynchronous conferencing via email or discussion boards is “a
powerful tool for group communication and cooperative learning that promotes a level of
reflective interaction often lacking in face-to-face, teacher-centered classroom” (Rovai & Jordan,
2004, p. 2).
As an example of asynchronous conferencing tools, discussion boards provide students
the opportunity to read postings from the instructor and/or other students and respond after they
process and contemplate the information provided (Choudhury & Gouldsborough, 2012; Fabro
& Garrison, 1998; Garrison, Anderson, & Archer, 2000, 2001; Tiene, 2000). These discussion
boards allow for a more democratic conversation by allowing introverts and more reflective
students an opportunity to express their thoughts and ideas after considering others’ reflections
as compared to face-to-face discussions (Lake, 1999; Tsai, 2001). Students do need guidance and
structure in order for these dialogues to be meaningful and develop critical thinking (Akyol,
Garrison, & Ozden, 2009; Garrison & Cleveland-Innes, 2005; Schrire, 2006; Shea & Bidjerano,
2009a).
A framework that stresses the importance of structured collaboration and its importance
in critical thinking is the Community of Inquiry (CoI) (Akyol et al., 2009; Garrison & ClevelandInnes, 2005; Schrire, 2006). One of the three important elements of the CoI framework is
cognitive presence. Critical thinking and cognitive presence are closely related to each other
(Garrison & Cleveland-Innes, 2005). Cognitive presence is identified as the most basic element
to success, and is “the exploration, construction, resolution and confirmation of understanding
through collaboration and reflection in a community of inquiry” (Garrison, 2007, p. 65).
Garrison et al., (2000) constructed a practical inquiry model from Dewey’s (1933) model of
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inquiry and reflective thinking. Within this model are four phases: triggering event, exploration,
integration and resolution. These phases describe cognitive presence in an online environment
and integration and resolution are associated with high order thinking or critical thinking.
Higher order thinking may take place only if a student is not anxious or lacking
confidence in his/her ability to learn the instructional material (Blazer, 2011; Crowley, 2010; De
Leng et al., 2009; Kwon, 2008; Rodrigues, 2012; Tsai, 2001). College freshman are particularly
prone to stress and anxiety because of changes in sleeping and eating habits, increased work
load, and new responsibilities while trying to maintain a high academic record (D’Zurilla &
Sheedy, 1991; Ross, Niebling, & Heckert, 2008; Towbes & Cohen, 1996). Andrews and Wilding
(2004) found financial and relationship difficulties led to depression and anxiety which in turn
affected academic performance in college students. Circumstances outside the classroom are not
the only stressors students face. Numerous courses in higher education from math to nursing to
foreign language may cause students to become anxious or stressed (Blazer, 2011; Horwitz,
Horwitz, & Cope, 1986; Kwon, 2008; Suliman & Halabi, 2007). Chemistry is also one such
course that can raise a student’s anxiety level and result in poor performance (Abendroth &
Friedman, 1983; Berdonosov & Kuzmenko, 1999; Eddy, 2000; Kennepohl, Guay, & Thomas,
2010; Kogut, 1996; McCarthy & Widanski, 2009). “Chemophobia” or chemistry anxiety may
impede students’ ability to learn chemistry and may even keep students from enrolling in
chemistry courses (Abendroth & Friedman, 1983; Eddy, 2000; McCarthy & Widanski, 2009).
Declining enrollment in higher education chemistry courses started back in 2000 and hit a low
point in 2006 (National Science Board, 2012; Ultay & Calik, 2012). Enrollment numbers are
starting to show signs of improvement but demand for chemical industry workers is also
increasing (American Chemistry Council, Economics & Statistics, 2013; National Science
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Board, 2012). Studying chemistry is not just beneficial for chemistry majors. Any college
graduate who takes a chemistry course or two may be better equipped to understand medical
advances, technological improvements, and environmental concerns (Berdonosov & Kuzmenko,
1999; Eddy, 2000). Chemistry lab courses require students to analyze data, think critically, make
decisions, and solve problems individually and/or in teams (American Chemical Society, 2009;
Eddy, 2000). These are the exact characteristics employers value in college graduates (American
Management Association, 2012; Fram, 2013; Hart Research Associates, 2013).

Research Questions

The purpose of this study was to examine collaboration and its relationship to students’
critical thinking and cognitive achievement within the online chemistry course environment.
The following research questions were used to investigate collaboration, critical thinking, and
cognitive achievement in online chemistry courses.
1. Is there a relationship between collaboration and cognitive achievement in an online
chemistry course environment?
a. What is the level of collaboration in the intervention groups as indicated by the
Small Group Collaboration Model (SGCM)?
b. What are online chemistry students’ cognitive achievement levels as indicated by
quiz scores and the final course grade?
2. Is there a relationship between critical thinking and cognitive achievement in an online
chemistry course environment?
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a. What is the online chemistry students’ current critical thinking skill level as
indicated by the Chemistry Concept Reasoning Test (CCRT) and the Online SelfDiagnostic Test (OSDT)?
b. Is there a difference in change scores in the Chemistry Concept Reasoning Test
(CCRT) from the start of the course to the end of the course between the groups in
the intervention course and across courses (intervention versus comparison)?
c. Using the Practical Inquiry Model (PIM), what is the frequency of occurrences in
the integration and resolution phases for the intervention course and comparison
course in the topical discussion forums?
d. Using the PIM, what is the frequency of occurrences in the integration and
resolution phases for the intervention groups in the group homework discussion
forums?
3. Is there a relationship between collaboration and critical thinking in an online chemistry
course environment?

Definition of Terms

Cognitive Presence: Cognitive presence is “the extent to which learners are able to
construct and confirm meaning through sustained reflection and discourse in a critical
Community of Inquiry” (Garrison et al., 2001, p. 11).
Collaboration: Collaboration occurs between individuals of various cognitive levels
engaging in conversation and connecting ideas in order to achieve a common goal within a
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computer conferencing medium (Fabro & Garrison, 1998; Gokhale, 1995; McLuckie & Topping,
2004; Oliveira, Tinoca, & Pereira, 2011).
Concept Reasoning: Concept reasoning is where content knowledge is developed and
refined to elicit broad comprehension. This reasoning then allows the capacity to make
generalizations and adapt that idea in unique ways to solve problems (Hutchinson, 2007; Jianwu, 2014) .
Critical Thinking: Critical thinking is to “be purposeful, self-regulatory judgement
which results in interpretation, analysis, evaluation, and inference, as well as explanation of the
evidential, conceptual, methodological, criteriological, or contextual considerations upon which
that judgement is based” (Facione, 1990a, p. 3). Synonyms: higher order thinking, higher
cognitive reasoning
Online Environment: Online environment is where students are connected through
advanced technologies with an instructor and other students. Communication can occur
synchronously and/or asynchronously (Moore & Anderson, 2003).

Researcher Assumptions

Although some past studies have found metacognition and self-efficacy could influence
critical thinking (Cooper, Sandi-Urena, & Stevens, 2008; Kramarski & Dudai, 2009; SandiUrena, Cooper, & Stevens, 2011; Uzuntiryanki-Kondakci & Capa-Aydin, 2013), I set
collaboration as the only intervention and assumed collaboration was the only variable that
would significantly influence critical thinking (Gokhale, 1995; Waite & Davis, 2006). As in any
social science research study, not all confounding variables can be controlled. In this exploratory
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quasi-experimental study some of the variations in participants were controlled using an online
self-diagnostic test (Kennepohl et al., 2010, see Appendix A) and Chemistry Concept Reasoning
Test (CCRT, Cloonan & Hutchinson, 2011, see Appendix B) to establish baselines for
participants in the intervention and comparison groups.

Role of the Researcher

As the researcher and instructor of the courses under study, several biases could have
come into play and may have influenced data collection and analysis. As an online instructor, I
am familiar with the benefits and detriments of the online environment. The online environment
allows flexibility and opportunity for students who cannot take a traditional face-to-face course
and permits the student to optimize the learning environment for her/himself (Yamagata-Lynch,
2014). These benefits may be offset by some of the obstacles students need to overcome when
first encountering the online environment. Students need time to determine their online identities,
the course needs to be highly structured to ensure a comfort level amenable to higher order
thinking, and the students need to be technically proficient with the different software available
in the course (Lambert & Fisher, 2013; Yamagata-Lynch, 2014). As the researcher, I assumed
that students would find their online identities in a timely manner and this time lag would not
affect their course performance. Another assumption was the students were proficient in the use
of a computer and could navigate the internet without a lot of instruction.
As an educator, I come from a social constructivist viewpoint (Schunk, 2004) where the
classroom is student centered, lecturing is kept to a minimum and students are active learners. As
the researcher and instructor, I believe the online environment is one of the best arenas for
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collaboration and construction of knowledge. Vygotsky (1978) believed social interaction was a
fundamental part in the development of knowledge. The conceptualization of constructivist
learning theory is closely associated with the works of both Piaget (1932, 1985) and Vygotsky
(1978). Constructivists believed the learning process was an active productive process where
learners created their own knowledge based upon their previous experiences. Dewey (1938)
likewise viewed learning as an interaction between the learner and his environment where
knowledge is produced and shared. The philosophy of “collaborative constructivism” aligns well
with Dewey’s (1933, 1938) viewpoint. Dewey (1933) also believed knowledge acquisition took
time and reflection, and he defined reflective thinking as “the kind of thinking that consists in
turning a subject over in the mind and giving it serious and consecutive consideration” (p. 3).
Asynchronous computer-mediated communication provides the time required for reflective
thinking versus face-to-face communication, which is more spontaneous. The online
environment may provide an excellent setting for communication and collaboration but the
student will need to take on the responsibility of communicating with other online members and
developing personal meaning from the instructional material and course discussions (Garrison,
Cleveland-Innes, & Fung, 2004; Gokhale, 1995). If these interactions are constructive and
productive, reflective critical thinking skills and improved cognitive achievement are attainable
(Tsang, 2011).

Limitations

Limitations are factors that cannot be controlled during the study and are not under the
control of the researcher (Locke, Spirduso, & Silverman, 2000, p. 18). Two significant
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limitations of this study were confounding variables and sample size. The focus of this study was
the relationship of collaboration, critical thinking, and cognitive achievement and certainly other
factors could contribute to the development or diminution of critical thinking. Collaboration was
the only intervention planned for this study and I was aware that other factors could affect
student’s critical thinking skills e.g., metacognition and self-efficacy (Cooper et al., 2008;
Kramarski & Dudai, 2009; Sandi-Urena et al., 2011; Uzuntiryanki-Kondakci & Capa-Aydin,
2013). By having a comparison group, I hoped to neutralize these confounding factors by
establishing baseline data for the intervention and comparison participants.
Data were collected in the summer of 2015. Since the two online chemistry courses under
investigation were capped at 30 students each, the sample size was small and statistical power
was not met. Additional data could have been collected over several semesters but the course
timelines (8 weeks versus 16 weeks) would not have been consistent, therefore making this
option unfeasible (Gulacar, Damkaci, & Bowman, 2013). Since this was an exploratory study
and very few articles were available on online chemistry courses (Evans & Leinhardt, 2008;
Gulacar et al., 2013; Nick, Andresen, Lubker, & Thumm, 2003), the small sample size was
deemed acceptable.

Delimitations

Delimitations “define the limits inherent in the use of a particular construct or
population” (Locke et al., 2000, p. 18). With this definition in mind, this study was limited to
investigating collaboration and critical thinking in community college students taking online
chemistry courses. Since collaboration and critical thinking in higher education is a top priority,
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these results may be relevant to other types of tertiary institutions and physical science courses.
Convenience sampling was used since I had access to two online chemistry courses.

Significance of Study

In a time of massive information overload via media, the internet, and smart technologies,
the development of students who can think critically and navigate the online learning
environment would aid in improving students’ academic performance, increase productivity in
the workplace, and develop better citizens (American Management Association, 2012;
Brookfield, 2005; Fram, 2013; Halpern, 2014; Phan, 2008). Higher educational institutions have
stressed the need for the development of critical thinking skills (Association of American
Colleges and Universities, 2011; Bok, 2006; Liu et al., 2014; Quitadamo et al., 2008) but studies
have shown that not enough students are acquiring these highly prized capabilities (Arum &
Roksa, 2011; Bok, 2006; Flores et al., 2012; Fram, 2013; Suliman & Halabi, 2007; USA
Research, Inc., 1984). Critical thinking may improve students’ ability to effectively contribute to
a democratic society (Brookfield, 2005). With conflicting political and scientific information,
and rapid changes in technology (Bjerede, Atkins, & Dede, 2010; Halpern, 2014), students have
to be able to decide what is relevant and factually accurate. Critical thinking skills are vital to
making informed decisions that may help solve social, ethical and environmental problems
(Brookfield, 2005; Halpern, 2014). If these skills can be developed, this could increase the
students’ contributions to the workforce and society. These critical thinking skills could also
benefit the student at an individual level. The students can be more critical of the immense
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amount of information supplied by the mass media, be better consumers and healthier
individuals.
This study focused on the critical thinking and collaboration in an online chemistry
course environment. To investigate critical thinking in this online environment, the Community
of Inquiry framework developed by Garrison et al., (2000) was employed. Over the past decade,
numerous researchers have worked to validate and refine this framework to improve its
performance. Rourke, Anderson, Garrison, and Archer (2001) constituted one of the first groups
to discuss the challenges of analyzing transcripts from student discussion postings. To improve
this process, Rourke and Anderson (2004) tested the validity of quantitative content analysis on
computer-mediated communications from a theoretical and empirical perspective. The CoI
framework established cognitive presence in the students’ computer-mediated communications.
The study added additional validation to both the CoI framework in an online chemistry course
and broaden the scope of the Community of Inquiry framework since most research had taken
place in the educational or business disciplines. The framework needed to be tested and validated
in the fields of science (Bangert, 2009; Carlon et al., 2012; Oldenburg, 2008) and specifically in
chemistry.

Summary

This introductory chapter has provided an overall description of the study along with
justification. Background information has been presented regarding the purpose of the study, its
limitations, delimitations, biases, and assumptions. In summary, the purpose of this study was to
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measure collaboration, critical thinking, and cognitive achievement and determine any
correlations between the three of these factors.
The next chapter examines in greater depth the literature relating to collaboration, critical
thinking, and the Community of Inquiry framework. The main purpose of this literature review
was to examine background information on collaboration, critical thinking, chemistry education,
and the Community of Inquiry and expose any gaps in the literature. Chapter three describes the
research design, the instruments and materials used, and the data collection and analysis. Chapter
four reports on the data collected during the exploratory quasi-experimental study and chapter
five discusses the results, draws conclusions from the data and considers future work.

CHAPTER 2
LITERATURE REVIEW

Building collaborative communities in an online environment and how this affects critical
thinking and cognitive achievement were the focus of this study; therefore, the literature review
focused on the Community of Inquiry framework (CoI), critical thinking, collaboration,
cognitive achievement, and chemistry education. These topics were the foundation of this
exploratory quasi-experimental study, hence a review of the related literature provided context
and identified gaps in recent research.
Several strategies were employed to locate information for this review. First keywords
like chemistry, critical thinking, Community of Inquiry, cognitive presence, collaboration,
cognitive achievement, online environment, and online learning were used to search databases
including ERIC, ProQuest, and Google Scholar. The university library’s online catalog was also
searched to locate books on these topics. The next strategy employed was to review the
references in the books and articles from the initial searches. This secondary inquiry led to
additional relevant sources and the references from these sources were also reviewed for
additional information. The final strategy employed involved searching the databases using
author names from key articles. This method uncovered additional material and more keywords
that could be used in additional searches using the search databases and the university library’s
online catalog.
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Community of Inquiry

Based on a collaborative constructivist approach, the Community of Inquiry conceptual
framework developed by Garrison, Anderson, and Archer (2000) identified three critical
elements for a successful educational experience: cognitive presence, social presence, and
teaching presence (see Appendix D, Figure 58). Cognitive presence, which was identified as the
most basic element to success, is “the exploration, construction, resolution and confirmation of
understanding through collaboration and reflection in a Community of Inquiry” (Garrison, 2007,
p. 65). Social presence (the second element) was defined as “the ability of participants to identify
with the community, communicate purposefully in a trusting environment, and develop interpersonal relationships by way of projecting their individual personalities” (Garrison, 2009, p.
352). Finally, teaching presence, the third element, was defined as “the design, facilitation and
direction of cognitive and social presence processes for the purpose of realizing personally
meaningful and educationally worthwhile learning outcomes” (Anderson, Rourke, Garrison, &
Archer, 2001, p. 5).
To operationalize cognitive achievement, Garrison et al.,(2000) developed the practical
inquiry model (see Figure 1) based on Dewey’s (1933) model of inquiry and reflective thinking.
Dewey (1938) envisioned critical thinking developing from private reflection and shared
discourse as exhibited in the vertical axis of the practical inquiry model. The horizontal axis
represents the divergent process of fact collecting (far left of axis) and the convergent process of
understanding and correlating concepts or ideas (far right of axis). Within this model are four
phases: triggering event(s), exploration(s), integration(s) and resolution(s) (i.e. corners of the
model). These phases describe cognitive presence in an online environment. Identifying a
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dilemma or problem is the triggering event or first phase. In order to engage the students, this
dilemma or problem needs to be relatable to the students’ past experiences. In most cases the
online instructor directly communicates this activity or task. In the exploration phase, students
move between exploration of ideas within the group and private reflection in order to generate
applicable information to solve the problem. Free-association, questioning and exchange of
information are all part of this phase. Integration, the third phase, is where construction of
meaning occurs. Students must decide from the information collected in the exploratory phase
what is relevant and how the information may be used. In this phase it is critical that the
instructor communicates with the group to assure the students select pertinent information, ask
probing questions, and exhibit cognitive growth. Resolution is the final phase and usually
requires students to apply the newly acquired knowledge to solve the problem (Garrison et al.,
2000, pp. 98–99).
In an online environment, Garrison (2003) argued that asynchronicity and connectivity
lead to high cognitive presence and, therefore, an opportunity to develop critical thinking.
“Attention must be given to the opportunity to reflect upon and monitor knowledge
(re)construction as well as the ability to collaborate and manage the learning process” (Garrison,
2003, p. 52). Past studies, however, have found student communications mainly occurred in the
triggering and exploration phases (Angelaina & Jimoyiannis, 2012; De Leng, Domans, Jobsis,
Muijtens, & Van Der Vleuten, 2009; Garrison, 2007; Garrison et al., 2000, 2001; Kanuka,
Rourke, & Laflamme, 2007; McKlin, Harmon, Evans, & Jones, 2002; Rourke & Kanuka, 2007;
Vaughan & Garrison, 2005; Wanstreet & Stein, 2011). Higher orders of thinking, or critical
thinking, take place in the integration and resolution phases (Garrison et al., 2001).
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Figure 1: Practical Inquiry Model (Reproduced by permission from D. R. Garrison)

Recent research has found highly structured activities in discussion forums, such as
debates or peer-led scaffolded dialogues, move students into the later phases of cognitive
presence (Akyol & Garrison, 2011b; Akyol, Garrison, & Ozden., 2009; Darabi, Arrastia, Nelson,
Cornille, & Liang, 2011; Garrison & Cleveland-Innes, 2005; Richardson & Ice, 2010; Staley &
Ice, 2009). When designing these activities though, the instructor needs to force the students into
connecting and synthesizing ideas and concepts to achieve integration and resolution (Akyol &
Garrison, 2008). Time constraints, however, may inhibit students from reaching the final two
phases (Akyol, Arbaugh, et al., 2009; Richardson & Ice, 2010). Past research studies only
looked for the resolution phase in student communications; the students may be reaching the
resolution phase but outside of the discussion forums (Akyol, Arbaugh, et al., 2009; Akyol &
Garrison, 2011a; Akyol, Garrison, et al., 2009; Archer, 2010; Shea et al., 2010). Student could be
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attaining the integration and resolution phases of the practical inquiry model through
assignments or final class projects (Akyol & Garrison, 2011b; Akyol, Garrison, et al., 2009; Shea
& Bidjerano, 2009a). These assignments or class projects need to be designed to drive students
into the integration and resolution phase (Akyol & Garrison, 2011b). An example of this would
be collaborative problem solving (Murphy, 2004).
Initially, Garrison, Anderson, and Archer (2000) characterized social presence as
emotional expression (i.e. humor, self-disclosure), open communication, and group cohesion.
Social presence may easily be established in face-to-face communication, but for online students,
communications lack non-verbal clues (body language, facial expressions, and verbal inflection).
This obstacle may be reduced with the use of emoticons, greetings, and self-disclosure (Garrison
& Arbaugh, 2007; Rourke & Anderson, 2002). In order for social presence to move from simple
emotional responses to meaningful relationships that will promote inquiry, group cohesion is
critical (Garrison, 2007). Social presence may be established by using group discussions, course
long group projects, and/or smaller group problem solving modules.
Teaching presence has two purposes: design and facilitate the educational experience. An
instructor, tutor or even students may provide this presence. The categories established for
teaching presence are: instructional management, building understanding, and direct instruction.
These main categories are broken down into multiple sub-categories. Instructional management
sets the curriculum, assessment, and time parameters. Building understanding requires the
facilitator to draw out less active participants, acknowledge individual contributions and keep the
group discussion focused on the set goals. Direct instruction involves presenting content,
guiding, summarizing, assessment, and feedback (Garrison et al., 2000).
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Over the past decade, numerous researchers have worked to validate and refine this
framework to improve its performance. Rourke, Anderson, Garrison, and Archer (2001)
constituted one of the first groups to discuss the challenges of analyzing transcripts from student
discussion postings such as coder’s objectivity and reliability especially when the coder has an
interest in the study’s outcome (Pisutova-Gerber & Malovicova, 2009). Garrison, ClevelandInnes, Koole, and Kappelman (2006) argued reliability and validity of coding transcripts could
be alleviated by using valid models and explicit categories with well-defined indicators. These
authors also maintained that a complete student message would be a valid unit of analysis for an
exploratory research study since this would reduce the loss of context within the discussion
thread (p. 2). To improve this process, Rourke and Anderson (2004) tested the validity of
quantitative content analysis on computer-mediated communications from a theoretical and
empirical perspective.
By investigating cognitive presence in computer mediated communications, the
knowledge base for the Community of Inquiry framework will be expanded. In their literature
review, Hosler and Arend (2012) discovered that cognitive presence was the least studied
presence. As shown above, moving through the stages of cognitive presence and reaching the
critical thinking phases is difficult and requires a structured discussion format. This exploratory
quasi-experimental study used peer-led scaffolded dialogues (Darabi et al., 2011) to aid students
movement into the integration and resolution phases.
Subject effects on the Community of Inquiry also needed to be investigated (Arbaugh,
Bangert, & Cleveland-Innes, 2010), since the applied sciences exhibited higher number of events
for the CoI presences than the pure sciences. Also very little work with the pure discipline
courses (physics, chemistry, mathematics, etc.) and community college level students have been
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investigated using the CoI framework (Arbaugh, 2007; Benbunan-Fich & Hiltz, 2003; Garrison,
Anderson, & Archer, 2010). Using the CoI framework in this exploratory quasi-experimental
study, allowed for additional knowledge to be added to the CoI literature and expanded the use
of cognitive presence and the CoI framework in the pure discipline courses.

Critical Thinking

Cognitive presence is closely associated with critical thinking (Garrison & Archer, 2000)
Dewey (1933) believed knowledge acquisition took time and reflection, and he defined reflective
thinking (i.e. critical thinking) as “the kind of thinking that consists in turning a subject over in
the mind and giving it serious and consecutive consideration” (p. 3). Thinking and evaluation is a
social process. Dewey (1938) and Vygotsky (1978) viewed learning as an interaction between
the learner and his environment where knowledge is produced and shared. Vygotsky also
believed extending a learner beyond his/her knowledge base facilitated learning (1978).
Constructivists held the learning process as an active productive process where learners created
their own knowledge based upon their previous experiences. This learner-centered approach
allowed for student-student interactions, which aid in the development of critical thinking
(Zydney, DeNoyelles, & Kyeong-Ju, 2012). The CoI framework is based on a collaborative
constructivist approach (Garrison et al., 2000) and this philosophy aligns well with Dewey
(1938), Piaget (1932, 1985), and Vygotsky (1978).
Lipman (1991) contended reflective thinking may not take place unless “students are
given access to tools of inquiry, …and a community setting in which ideas and intellectual
contexts can be fluently and openly exchanged” (p. 291). Lipman (1991) also reasoned “the

22
pedagogy of the ‘Community of Inquiry’ should be the methodology for the teaching of critical
thinking …” (p. 3). Developed from the foundations built by Dewey (1933) and Lipman (1991),
Garrison et al., (2000) formed the Community of Inquiry theoretical framework to better
conceptualize the online learning process and consequently facilitate learning in the online
environment.
Numerous studies found online discussions generated more reflective discourse than
face-to-face (Meyer, 2003; Newman, Johnson, Webb, & Cochrane, 1997; Vaughan & Garrison,
2005) and allowed the students to pull information from outside sources (Meyer, 2003). Other
benefits of asynchronous online discussions are students felt “anonymous” and therefore more
willing to ask questions of the instructor (Vonderwell, Liang, & Alderman, 2010) and all
students including the quiet ones in a face-to-face environment can contribute to the
conversation. Everyone has a “voice” including students of non-Western cultures and introverts
(Fabro & Garrison, 1998; Lake, 1999; Meyer, 2003). Increased higher levels of thinking was
found using Bloom’s revised taxonomy (Buraphadeja & Dawson, 2008; Szabo & Schwartz,
2011) just as Garrison and Cleveland-Innes (2005) found using the CoI framework. Garrison and
Cleveland-Innes (2005) stated “reflective and collaborative properties of asynchronous, textbased online learning is well adapted to deep approaches to learning” (p. 145). In order to
develop higher-order thinking, Garrison (2003) stressed that the instructor needs to facilitate
reflective inquiry and collaboration; and Hosler and Arend (2012) found students must first feel
part of a community that supports constructive discourse.
In their research on epistemic engagement, Shea and Bidjerano (2009a) found comfort
level was strongly associated with critical thinking and students who formed connections with
online classmates also had higher levels of cognitive presence. Research strongly suggests a
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relationship between collaboration and critical thinking in the online environment (Akyol &
Garrison, 2011b; Fabro & Garrison, 1998; Gokhale, 1995). Critical thinking is also positively
affected by self-esteem but negatively affected by stress (Kwon, 2008; Suliman & Halabi, 2007).
Students who feel part of a community or collaborative group are more likely to share their
thoughts and contribute knowledge (De Leng et al., 2009). Small group size also improves
critical thinking skills, as Marasigan and Espinosa (2014) found using the Watson-Glaser Critical
Thinking Appraisal and the Chemistry Attitude Scale. Critical thinking is not the only
component that improved when using collaboration. Benbunan-Fich and Hiltz (2003) found
learning outcomes improved when using collaboration in online courses .
Zha and Ottendorfer (2011) took the instructor out of the discussion group and used peerled asynchronous discussion groups to examine peer leadership on cognitive achievement. Peer
facilitation of online asynchronous discourse encourages the peer leaders to take responsibility to
lead discussions, focus on specific concepts or issues, diagnose any misconceptions, summarize
salient points, provide additional knowledge from diverse sources, and challenge other’s
viewpoints (Akyol & Garrison, 2008; Brookfield & Preskill, 2005; Geyer, 2014; Lim, Cheung, &
Hew, 2011). Both Zha and Ottendorfer (2011) and Geyer (2014) found discussion peer leaders
out-performed other students in their studies. Several other benefits of peer facilitation include
improved retention, attendance, critical thinking skills and improved course achievement (test
and assignment scores) (Geyer, 2014; Hooker, 2011; Lewis & Lewis, 2008; Quitadamo, Brahler,
& Crouch, 2009; Tien, Roth, & Kampmeier, 2002; Vasquez et al., 2012; Zha & Ottendorfer,
2011).
Zha and Ottendorfer (2011) warned that students need guidance and training on
facilitating group learning in order to improve the critical thinking of all discussion participants.
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Online instructors cannot assume students have the necessary skills to facilitate and resolve
conflicts; therefore, students need training or coaching in facilitating constructive discourse
(Fabro & Garrison, 1998; Wanstreet & Stein, 2011). For this exploratory quasi-experimental
study, the instructor modeled facilitation behavior for the first homework discussion. Peer
leaders were then randomly assigned for the rest of the homework forums.
Besides gaining knowledge from group members and peer leaders, the e-learning student
has access to diverse informational resources via the internet (Geyer, 2014; Meyer, 2003). The
online environment opens up a plethora of informational sources. The key is developing critical
thinkers who question the reliability of the sources and do not take the information at face value.
This point was emphasized by Molenda and Pershing (2008) when discussing how educational
technology can improve performance: “First, the learning experiences are made more valuable
by being focused on worthwhile goals, not just passing tests. Second, through technology the
experiences can lead to deeper levels of understanding, beyond rote memory” (p. 50).
Critical thinking does not just develop on its own. Highly structured activities in online
environments appear to encourage critical thinking (Kanuka et al., 2007; Richardson & Ice,
2010; Zydney et al., 2012). Comparing nominal group technique, debate, invited expert,
WebQuest1, and reflective deliberation, Kanuka et al., (2007) discovered WebQuest and debate
encouraged the highest levels of cognitive presence (integration and resolution). The authors
believed this was due to WebQuest and debate requiring students to confront and challenge each
other’s ideas and assumptions. The more highly structured and confrontational the activity the

A WebQuest is an inquiry-oriented activity in which some or all of the information that learners
interact with comes from resources on the internet, optionally supplemented with
videoconferencing (Dodge, 1997).
1
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more critical thinking developed. Kanuka et al., (2007) suggested the following elements are
important in increasing the presence of critical thinking; the activities are well structured, have
well defined student roles and responsibilities, and elicit confrontation. Richardson and Ice
(2010) along with Archer (2010) also suggested examining other submitted material from the
online course to evaluate students’ critical thinking skills in the resolution phase of the practical
inquiry model.

Chemistry

Using the ERIC database and searching keywords (i.e., chemistry, critical thinking, and
online) yielded only seven articles. All seven of these studies, however, took place in a face-toface environment and were not even tangentially connected to this exploratory quasiexperimental study. Two articles were lab based. One compared two different analytical
techniques (atomic absorption and fluorescence) for determining mercury (Cizdziel, 2011). The
other implemented reflective writing in a general chemistry lab and examined the effect this
writing had on cognitive achievement (Han, Li, Sin, & Sin, 2014). Two articles used technology
based interventions in which limited or no empirical data were provided (Diener & Moore, 2011;
Geyer, 2014) and another article sought to improve computer skills not critical thinking
(Haworth, 1997). A more useful article investigated the predictive power of an online, selfdiagnostic test to determine success in an introductory general chemistry course (Kennepohl,
Guay, & Thomas, 2010), and, finally the last article researched high school advanced placement
chemistry students and their perceptions of science writing heuristics (Putti, 2011). Broadening
the literature search to only include keywords: chemistry and critical thinking provided
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numerous more options. Additionally, one other article, which did not appear in any of the
database searches but was discovered by a colleague compared online and face-to-face chemistry
courses (Gulacar, Damkaci, & Bowman, 2013). The literature review pertaining to chemistry and
critical thinking will be separated into two sections; one dealing with chemistry and technology
interventions and the other with activities used in a face-to-face chemistry course environment.

Chemistry and Technology Interventions

Several articles concentrated on one-time technological interventions used in science
courses to improve students’ critical thinking skills (Diener & Moore, 2011; Kontogeorgiou,
Bellou, & Mikropoulos, 2008; Wagner, 2009; Zhou et al., 2012). The article on using Periodic
Table Live! (PTL!) discussed all the benefits the software provided to foster learning but did not
give any experimental details (Diener & Moore, 2011). Developing an Educational Virtual
Environment (EVE) for the quantum atom, Kontogeorgiou et al., (2008) found the technology
improved student’s conceptualization of the atom but minimal details were given on the research
results. Wagner (2009) used interactive anonymous quizzes (iClickers) to introduce new
material, promote active learning and critical thinking, facilitate group discussion, and peer
learning. Finally, Geyer (2014) used role-playing case studies, which were submitted to a
Facebook© discussion page to aid in the development of critical thinking skills.
Using a non-experimental approach, Zhou et al., (2012) implemented well validated test
instruments (i.e. California Critical Thinking Skills Test (CCTST) (Facione, 1990b) and the
California Critical Thinking Disposition Inventory (CCTDI, Facione, Facione, & Sanchez, 1994)
to assess critical thinking skills and dispositions in high school students before and after a four
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week WebQuest. The participants in the study displayed improved analysis and evaluation skill.
The CCTDI test results showed improvement in the high school student’s critical thinking
dispositions and self-confidence. The highly structured activity (WebQuest) improved critical
thinking in a face-to-face chemistry course. As stated previously, highly structured activities
were found to improve critical thinking in various online environments but have not been tested
in a chemistry online course environment.

Chemistry in the Face-to-face Environment

From the literature, numerous studies implemented activities to foster critical thinking in
a face-to-face chemistry course environment including various writing assignments (ChamelyWiik, Haky, & Galin, 2012; Han et al., 2014; Oliver-Hoyo, 2003; Putti, 2011; Vasquez et al.,
2012), case based studies (Chamely-Wiik et al., 2012; Geyer, 2014; Hutchinson, 2000), capstone
exercises (DeWit, 2006), and philosophical teaching (Jacob, 2004). Diverse writing techniques
aimed at improving critical thinking skills will be discussed first.
Using writing heuristics for lab report generation, Putti (2011) found attitudes of high
school students in an AP chemistry course improved. No data were collected on student course
achievement though. Vasquez et al., (2012) had second year physical chemistry course students
develop contextualized examples of quantum mechanics using a writing-to-teach technique and
peer review process. The author found the writing-to-teach students outperformed the control
group in generating concept explanations and the students felt this technique bettered their
understanding of quantum mechanics. A question arose if the writing or the active learning had
the greatest effect on student performance and attitude though. Designing a written assignment
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where students submitted a paper draft four different times throughout the semester, Oliver-Hoyo
(2003) provided careful feedback on the deficiencies within the paper each time based on a
rubric developed from six primary traits in Bloom’s taxonomy. Feedback after each draft
submission targeted a specific cognitive skill. Just like Oliver-Hoyo (2003), Chamely-Wiik et al.,
(2012) used multiple-drafts with substantive feedback on case-based study assignments to
advance critical thinking. The students that participated in the case-based study writing
assignment significantly outperformed the majority of undergraduate students at the university
using a 12-trait analytical rubric.
Case-based study methodology was also used with social networking (Geyer, 2014) and
the Socratic method to develop deeper conceptual understanding and critical thinking skills
(Hutchinson, 2000). Geyer (2014) used role-playing case-based studies in her undergraduate
general chemistry courses. Geyer (2014) based indications of critical thinking on the grades
earned on three assignments (students’ case-study character essay, discussion entries, and
reflection paper). The character stance essay required students to research a real life dilemma
from diverse viewpoints. After developing their character, the students then moved onto the
second assignment where they discussed the dilemma via a social networking site for the next
ten days. The final assignment required the students to write a reflection paper explaining their
own points of view and proposing a possible scientific study to investigate the dilemma. Geyer
(2014) found most of the students comfortable with the case study method and willing to use this
format again. The students preferred discussions using social networking instead of face-to-face
conversations. As discussed in the critical thinking section, numerous studies found online
discussions generated more reflective discourse than face-to-face (Meyer, 2003; Newman et al.,
1997; Vaughan & Garrison, 2005). Hutchinson (2000) used a different approach by having the
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students study the case studies prior to class and then using the Socratic method to involve
students in an active and lively discussion during class time. Tests and assignments were used to
reinforce the logic and inductive reasoning developed in class. Overall students’ perception of
teaching chemical reasoning this way was positive and students felt their understanding of
chemical concepts was enhanced. With the use of active and lively online discussions, the
Hutchinson (20000) study aimed to push students to develop critical thinking skills while at the
same time developing chemical knowledge.
Three additional studies also used Science Writing Heuristic (SWH) laboratory approach
in an attempt to increase critical thinking in students in a face-to-face environment. The SWH
laboratory approach was the only intervention used to develop critical thinking (Gupta, Burke,
Mehta, & Greenbowe, 2015; Stephenson & Sadler-McKnight, 2016; Xu & Talanquer, 2013).
SWH was developed by Hand and Keys (1999) to replace traditional sections of a standard
laboratory report with prompts producing questions, knowledge claims, evidence, data
description, and reflection. Stephenson and McKnight (2016) used the California Critical
Thinking Skills Test (CCTST) to measure critical thinking skills while Gupta et al., (2015) used
a rubric developed by Oliver-Hoyo (2003), which measured cognitive skills (i.e. synthesis,
knowledge and evaluation, analysis, comprehension, evaluation). Xu and Talanquer (2013) used
a rubric they developed based on four levels of the inquiry continuum (verification, structured,
guided, and open) and they also coded students’ reflective statements for knowledge, evaluation,
and lab procedure improvements. Both the Gupta et al., (2015) and Stephenson and SadlerMcKnight (2016) studies discovered significant gains in critical thinking in the intervention
groups using the SWH laboratory approach and both emphasized the need for scientific writing
and reflection. Xu and Talanquer (2013) found experiments with higher levels of inquiry moved
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students focus from reporting mainly factual knowledge to procedural and metacognitive
knowledge. While SWH does appear to increase critical thinking in students these studies were
done in a face-to-face environment and the intervention only took place in the laboratory portion
on the course.
Two additional face-to-face laboratory interventions were Community-Based-Inquiry
(CBI) instructional method (Goeden, Kurtz, Quitadamo, & Thomas, 2015) and written reflection
(Han et al., 2014). The CBI investigators also used the CCTST just like Stephenson and SadlerMcKnight (2016) to assess critical thinking and metacognitive skills. The CBI group overall had
significant gains in critical thinking skills while the non-intervention group did not and females
in the CBI group achieved significantly better results than their counterparts in the nonintervention group. For the written reflection intervention, Han et al., (2014) concentrated on
seven key elements in the students’ laboratory writing: factual knowledge, conceptual
knowledge, procedural knowledge, metacognitive knowledge, problem solving, critical thinking,
and applications (Xu & Talanquer, 2013). Five short answer questions were administered at the
beginning of the laboratory experiment and a week after to determine what students had learned
from the experiment. The intervention group displayed significant increase in knowledge versus
the non-intervention group. The researchers also classified knowledge, critical thinking, and
application as foremost reflective statements from the student writing. Both the CBI intervention
and the writing reflection intervention improved content knowledge. The CBI intervention
exhibited greater gains in critical thinking than the writing reflection intervention, which may be
due to the type of assessment used during the research studies. The CCTST is a more established
and rigorous assessment than the five short-answer questions used in the writing reflection
intervention study.
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The final two studies used very unique interventions in an attempt to elicit critical
thinking skills from undergraduate chemistry students. Jacob’s (2004) study used a two-lecture
philosophy intervention while Bruehl, Pan, and Ferrer-Vinent (2015) used researching scientific
literature and innovative laboratory experiment design. To assess critical thinking gains, Jacob
(2004) administered a logic quiz to the intervention group a year after the philosophy lectures.
80.6% of the students came to the correct conclusions while only 56.6% of the non-intervention
students achieved the same result. These findings indicated a sharp learning curve. After only
two philosophy lectures, the students in the intervention group, exhibited significant critical
thinking gains based on improved performance on the logic quiz. The scientific literacy
intervention also indicates some potential as 51% of the students reported they continued to use
the literacy skills years after completing the general chemistry course. Only student responses to
an anonymous survey were collected to determine the success of the intervention. Although these
interventions show promise, one may ask whether critical thinking skills were actually developed
or even assessed.

Summary

The study of cognitive presence in an online chemistry setting might contribute to the
educational technology knowledge base in several capacities. As Hosler and Arend (2012)
uncovered in their literature review, the cognitive presence element of the Community of Inquiry
framework is the least studied of the three elements; therefore, a rigorous and systematic study of
cognitive presence would add to the knowledge base (Garrison, 2007). As studies (De Leng et
al., 2009; Kanuka et al., 2007; Meyer, 2003; Schellens, Van Keer, De Wever, & Valcke, 2009;
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Wanstreet & Stein, 2011)have shown, achieving higher levels of thinking as determined by the
practical inquiry model are difficult. Moving students through the model and into the final
phases of the model takes time. Several researchers recommend looking for the integration and
resolution phases in other areas of the course such as assignments, tests, and projects (Akyol &
Garrison, 2008; Arbaugh, 2007; Archer, 2010; Richardson & Ice, 2010; Shea & Bidjerano,
2009b; Vaughan & Garrison, 2005). Since very little work has been done with the Community of
Inquiry framework and its application in a pure discipline course and at the community college
level, the framework’s validity needs to be tested in these different environments (Arbaugh,
2007; Benbunan-Fich & Hiltz, 2003; Garrison et al., 2010; Schellens et al., 2009; Zydney et al.,
2012). Another area would be investigating the causal relationship between cognitive presence
and collaborative online discussions and how this relationship affects critical thinking and
academic achievement (Akyol & Garrison, 2011b; Benbunan-Fich & Hiltz, 2003; Garrison &
Cleveland-Innes, 2005; Zha & Ottendorfer, 2011). By gaining a better understanding of
collaboration and the effect on critical thinking and cognitive achievement, course designers and
instructors may be better informed and may develop enhanced collaborative online activities to
improve students’ critical thinking skills. With these enhanced critical thinking skills, students
may become better citizens, consumers, and leaders.

CHAPTER 3
METHODOLOGY

Chapters one and two provided background for this exploratory quasi-experimental
study. Chapter one introduced the study and provided a brief overview, including the purpose of
the study, theoretical base, and definition of terms. Chapter two then provided the explanation
and support for this study via scholarly literature review. The gap in the research was also
identified in chapter two. This chapter provides research method details used in this study.
A general overview of the research design and sample population will be covered. Within
the procedure section, the details regarding research questions, variables, instrumentation, data
collection and data analysis will be discussed. The last section will explain the protection of the
privacy of the participants and contingency plans.

Research Design

Convenience sampling was used for this exploratory quasi-experimental study because
randomly assigning participants across courses was not feasible. This convenience sampling
method is a limitation to this study since the results will not be able to be generalized to other
settings or environments. Since a truly experimental design was not possible, this quasiexperimental approach was the most advantageous as this exploratory quasi-experimental study
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used intact online chemistry courses. This type of quasi-experimental approach is vulnerable to
threats to internal and external validity (Creswell, 2014). Three main threats to internal validity
were history, diffusion of treatment, and instrumentation. I minimized the history threat by
having the participants in both the intervention and comparison groups experience the same
external events (homework, labs, course content). Diffusion of treatment was avoided since the
intervention and comparison group did not interact or come in contact with each other at any
time during the study. The last internal threat, instrumentation was prevented since both groups
were measured using the same instrumentation (quizzes, CCRT, OSDT).
The comparison group, which did not have collaborative homework activities during the
semester, were participants enrolled in the Elements of Chemistry (CHM 105) online course. The
intervention group, which had built-in collaborative homework activities, were participants
enrolled in the Introductory Chemistry (CHM 101) online course. These two courses covered the
same content for a large portion of the semester. The Elements of Chemistry (CHM105) course
covered two additional topics (biochemistry and organic chemistry) at the end of the semester
that the Introductory Chemistry (CHM 101) course did not cover. This exploratory quasiexperimental study only investigated portions of the two courses that directly corresponded to
each other. For example, the final grade for this study is not the same as the final grade the
students received in the course since the comparison course studied two additional topics beyond
the intervention course. The independent variable for the study was the amount of collaboration.
The dependent variables were critical thinking and cognitive achievement. Table 1 displays the
research design and how the research questions, variables, instruments, and groups were
associated.
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Table 1
Research Design Layout
Research
Question

Variable

Instrument

Group

1a

Collaboration

SCGM

Intervention

1b

Cognitive
Achievement

Quiz scores
Final course grade

Intervention
Comparison

2a

Critical Thinking

CCRT

Intervention
Comparison

2a

Critical Thinking

Online Self-Diagnostic
Test

Intervention
Comparison

2b

Critical Thinking

CCRT

Intervention
Comparison

2c

Critical Thinking

CoI PIM analysis of
topical discussions

Intervention
Comparison

2d

Critical Thinking

CoI PIM analysis of
homework discussions

Intervention

Sample Population

Initially, the comparison group was made up of 11 participants enrolled in the Elements
of Chemistry online course and the intervention group contained 29 participants enrolled in the
Introductory Chemistry online course. These courses were capped at 30 students and with
attrition throughout the semester; the intervention group ended with 18 participants and the
comparison group ended with seven. Data were collected at a community college in the Midwest
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in the summer of 2015. The study was lacking in the number of participants, thus the initial
thought was to collect additional data during the fall session of 2015. Past research, however,
has shown a significant difference between student performance in shortened summer sessions
and fall sessions in online chemistry courses (Gulacar et al., 2013). Since this was an exploratory
study lower participant numbers were acceptable. Since convenience sampling was used, pretesting was administered to determine educational background, conceptual basic skills, critical
thinking skills, mathematical skills, and problem solving skills between the groups.

Procedure

The two courses in the study, CHM 101 and CHM 105 had access to the same
instructional material, labs, assignments, quizzes, and bi-weekly topical discussion forums in a
learning management system (LMS) for seven of the eight weeks in the term under study. The
last week of the term, the CHM 105 course covered two additional chapters in organic chemistry
and biochemistry that were not be part of this exploratory quasi-experimental study.
Initially, the intervention course participants (CHM 101) were split into teams of five.
Assigning five participants to each group allowed for four collaboration groups. With the normal
attrition observed in online chemistry courses (Kennepohl, Guay, & Thomas, 2010), the teams
ended up losing numerous members. Adjustments were made throughout the term in order to
keep at least three participants in each group. Adjustments included moving participants from
one group to another and/or closing one group and moving members to other groups with low
numbers.
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Participants in both courses submitted the same homework assignments and carried on biweekly topical discussions in the LMS. The intervention group (CHM 101) had four days after
submitting an individual homework assignment to discuss with team members the merits of each
other’s homework answers. These groups then submitted a group homework assignment based
upon these discussions. The discussion forums were analyzed for critical thinking based off the
Community of Inquiry (CoI) practical inquiry model. The comparison group had four days after
submitting an individual homework assignment to review another student’s homework without
communication with that student. The second homework assignment submission included
homework answers from the original homework assignment and/or from the comparison
homework assignment The comparison group participants were also required to submit
comments explaining why one homework answer was accepted over another. For the bi-weekly
discussions, participants were required to post a response to the topic and also respond at least
two times to two other participant postings. These communications were also analyzed for
critical thinking based off the CoI practical inquiry model.
The others areas that were investigated during this study were collaboration and cognitive
achievement. Collaboration was measured in the intervention group using the SGCM. Cognitive
achievement was based on quiz scores and final grade.

Research Questions

The purpose of this exploratory quasi-experimental study was to answer the following
questions:
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1. Is there a relationship between collaboration and cognitive achievement in an online
chemistry course environment?
a. What is the level of collaboration as indicated by the Small Group Collaboration
Model (SGCM)?
b. What are online chemistry students’ cognitive achievement levels as indicated by
quiz scores and the final course grade?
2. Is there a relationship between critical thinking and cognitive achievement in an online
chemistry course environment?
a. What is the online chemistry students’ current critical thinking skill level as
indicated by the Chemistry Concept Reasoning Test (CCRT) and the Online SelfDiagnostic Test (OSDT)?
b. Is there a difference in change scores in the Chemistry Concept Reasoning Test
(CCRT) from the start of the course to the end of the course?
c. Using the Practical Inquiry Model (PIM), how does the intervention group and
comparison group progress through the phases in the topical discussion forums?
d. Using the PIM how does the intervention group progress through the phases in the
group homework discussion forums?
3. Is there a relationship between collaboration and critical thinking in an online chemistry
course environment?

39
Variables

The independent variable for this study were the amount of collaboration which was
measured from participants’ discussion forum transcripts using the SGCM coding scheme
following three indicators quantity, equality, and shareness (Jahng, 2013; Jahng, Nielson, &
Chan, 2010). The dependent variables were critical thinking, and cognitive achievement. Critical
thinking was measured using quantitative content analysis on student discussion forum
transcripts to determine cognitive presence using the CoI coding scheme, the online selfdiagnostic test, and pre and post CCRT scores. Course grades including quizzes, and final course
grade determined cognitive achievement. The next section will discuss these measurement tools.

Instrumentation

Several instruments were employed in this research design. The administration of an
online self-diagnostic test specially developed for introductory general chemistry courses
(Kennepohl et al., 2010) will be discussed first. Then each instrument pertaining to collaboration,
cognitive presence, critical thinking, and cognitive achievement will be discussed separately in
this section. The reliability and validity of each instrument will also be considered.

Student Demographic Survey

Demographic data were collected using a survey embedded in the online course learning
management system. Participants answered twelve demographic questions within this survey at
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the beginning of the course. Year of birth, gender, length of time in higher education, amount of
work hours, computer and internet access, last chemistry and math courses taken, grades earned
in the last chemistry and math courses, and family obligations were collected. These data were
then inputted into an Excel spreadsheet according to which course the participants were enrolled.
Student names were removed and replaced with letters of the alphabet as pseudonyms.

Online Self-diagnostic Test

To assure the participants in both the intervention class and the comparison class had
similar educational backgrounds, critical thinking skills, mathematical skills, and problem
solving skills, an online self-diagnostic test specially developed for introductory general
chemistry courses was administered at the beginning of the course (Kennepohl et al., 2010). The
test questions were administered in their original form but the feedback had been modified. The
feedback modification removed the original author’s college information and scoring
breakdown, as that did not pertain to this study. The test contained five sections that were scored
separately in educational background, conceptual basic skills, critical thinking skills,
mathematical skills, and problem solving skills (see Appendix A for the complete test). This
pretest established a baseline for each participant that was then used for comparing participants
in the intervention group and comparison group. Kennepohl et al., (2010) found a good
correlation between the critical thinking section of the diagnostic test and students’ performance
on exams and a weaker correlation to assignments. The overall score on the diagnostic test also
correlated well with the students’ final grades.
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The background section contained five questions relating to online experience and
completion of past science and math courses. The conceptual basic skill section contained 12
questions relating to fundamental chemical concepts. The critical thinking skills section had four
conceptual questions that do not require any calculations just basic understanding of simple
chemical concepts. The next to last section contained seven mathematical questions. Six of the
seven questions were to be answered without a calculator in order to identify basic math abilities.
The last section determined problem-solving skills. The four questions in this section required
logic and dimensional analysis skills to complete successfully. A total of 64 points was possible.
Students scoring above 51 points should do well in the course. Scores of 38-51 mean the students
are prepared but will need to apply a consistent work ethic in order to succeed. The students
scoring in the 25-37 point range will most likely pass the course but will have to work diligently
in order to get higher grades. Scores below 25 will have a difficult time passing the course and
will need additional support in order to complete the course successfully (Kennepohl et al.,
2010).

Collaboration

Collaborative communication was investigated through participant postings to discussion
board forums. The course started with scaffolded asynchronous discussion forums led by the
instructor for the first homework module. The instructor modeled appropriate learning
facilitation techniques that promoted discussion, debate, questions, and analysis. For example, if
participants were posting non-substantive comments like “Good job” or “You need to work on
that”, the instructor would respond back with a substantive posting. This substantive posting
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would contain information on appropriate conceptual knowledge and guide participants towards
suitable avenues of exploration to determine the correct answer to the homework problem the
participants were discussing. Moving away from the instructor centered model, the instructor
clearly defined learning objectives, expectations of a student-centered environment while at the
same time developing productive student participants (Quitadamo, Brahler, & Crouch, 2009;
Tien, Roth, & Kampmeier, 2002). The peer facilitator model was then instituted for the rest of
the homework modules ( Quitadamo et al., 2009). Peer facilitators were encouraged to take
responsibility to lead discussions, focus on specific concepts, allay any misconceptions,
summarize homework answers, and submit the compiled homework answers into the learning
management system.
The evidence of collaboration within the intervention group was based upon the Small
Group Collaboration Model (SGCM) (Jahng, 2013; Jahng et al., 2010; see Appendix E, Figure
59). Student communication was analyzed for: (1) quantity or how much interaction occurs, (2)
equality or to what extent contributions are equal, and (3) shareness or the portion of
communications that are shared with the whole group (Jahng et al., 2010, p. 43). The average
numbers of words within a group determined the quantity index. The equality index used the
squared coefficient of variation to determine skewness of individual participation. The shareness
index was based on the number of exchanged words to all members in a group versus total
number of exchanged words in the group. The group homework discussion forums were
monitored for these three indices. Each participant was required to post his/her individual
attempts of the homework questions prior to having access to the group homework discussion
forum. Once this requirement was met the discussion forum for that specific homework
assignment was opened and the participant could view other group member’s homework
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answers. Group members then had four days from the individual homework assignment due date
to discuss each other’s answers and select the solutions they wanted to post for the group
homework assignment. Groups within the intervention group were ranked on the three domains
quantity, equality, and shareness from the most collaborative to the least collaborative group
(Jahng, 2013; Jahng et al., 2010). Based on these rankings, group collaboration was compared to
critical thinking and cognitive achievement.
The comparison group did not have the opportunity to collaborate on the content
homework assignments. The participants of the comparison group posted their individual
homework assignment by the designated due date. Once the individual homework assignment
was uploaded into the learning management system, the individual was able to view one other
participant’s homework. Over the next four days, this individual in the comparison group could
decide which homework answers to submit for grading. No group discussion opportunity was
provided to this group. Decisions about changing answers were strictly up to each individual.
The reasoning behind keeping a homework answer or changing it was part of the requirements
for the final submission of the homework assignment. The reasoning comments were analyzed
using the CoI practical inquiry model.

Critical Thinking

To determine critical thinking with in the intervention group and comparison group
several measures were utilized. Cognitive presence was measured using the CoI practical inquiry
model and quantitative content analysis (Akyol & Garrison, 2011b; Garrison & Cleveland-Innes,
2005; Garrison, Cleveland-Innes, Koole, & Kappelman, 2006; Rourke & Anderson, 2004;
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Rourke, Anderson, Garrison, & Archer, 2001). To establish a baseline for each participant, an
online self-diagnostic test was administered at the beginning of the term (Kennepohl et al.,
2010). A chemistry concept reasoning test (CCRT) was administered to both groups at the
beginning and end of the course term (Cloonan & Hutchinson, 2011; Hutchinson, 2007; see
Appendix B).
Cognitive presence was determined using quantitative content analysis (QCA) on
transcripts from participant postings in discussion forums. Participant postings were analyzed for
evidence of the cognitive phases associated with the CoI practical inquiry model (PIM) i.e.
triggering, exploration, integration, and resolution (Garrison, Anderson, & Archer, 2001). Coders
(one other besides myself) used the Community of Inquiry coding scheme (Garrison et al., 2006)
to determine which phase(s) students’ postings align with based on specific indicators (see
Appendix D, Table 36 for listing of elements, categories and indicators.)
Rourke et al., (2001) discussed four criteria needed in content analysis to establish
validity. These criteria are objectivity, reliability, replicability, and systematic coherence.
Objectivity was met by using the CoI coding scheme and indicators. These schemes and
indicators have been tested over the last decade and proven to be robust and reliable (Akyol et
al., 2009; Akyol & Garrison, 2011a; De Leng, Dolmans, Jobsis, Muijtjens, & Van Der Vleuten,
2009; Garrison, Anderson, & Archer, 2000, 2010; Garrison et al., 2006; Kanuka, Rourke, &
Laflamme, 2007; McKlin, Harmon, Evans, & Jones, 2002; Meyer, 2003; Shea & Bidjerano,
2009a; Wanstreet & Stein, 2011). The final criterion of systematic coherence was met by
maintaining a social constructivist view throughout the research design and implementation.
Computer mediated conferencing lended itself to constructivism; therefore, the transcript
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analysis measurement must be of the same paradigm. For this reason the CoI practical inquiry
model was chosen.
The unit of analysis for coding was a dynamic thematic unit instead of a fixed unit (i.e.,
sentence, single word, etc.; Bernard & Lundgren-Cayrol, 2001; Henri, 1991; Rourke et al.,
2001). As an example, the coders established three units of analysis for the participant discussion
posting below. Even though the participant wrote this post in one paragraph, the paragraph has
been broken up into the thematic units for ease of visibility. One unit was the first sentence of the
paragraph. The second unit was the next three sentences and the final unit was the last three
sentences.
My total carbon footprint ended up coming to 20.88 metric tons, which converts to
46032.05 pounds per month.
After doing research, I was surprised to find that things as simple as unplugging items not
in use can cut waste. According to,
sustainability.georgetown.edu/getinvolved/thingyoucando, electronics continue using
energy even when powered down; Chargers continue running when plugged into an
outlet even it there is nothing to charge. This is called Phantom power (Media.College).
Other quick fixes I could do include taking the stairs and eating a greener diet. By taking
the stairs I am not only getting exercise but also saving energy by not using the
elevator/escalator. Eating a greener diet reduces carbon output because it eliminates the
need for production, transportation and storage of food which greatly contribute to
emissions (HuffingtonPost).
Having two coders and checking inter-rater reliability established consistency in the
coding and improved reliability and replicability (Garrison et al., 2006; Pisutova-Gerber &
Malovicova, 2009). The author and a graduate student familiar with the CoI cognitive presence
phases separately coded one of the biweekly topical discussion forum transcripts for both the
intervention and comparison courses. The two coders then met and discussed any discrepancies
in coding and unit of analysis. The coders then recoded the biweekly topical discussion forum
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transcripts and inter-rater reliability was calculated. Inter-rater reliability was determined by the
number of matching codes divided by the number of total codes.
Critical thinking occurs in the later stages of the practical inquiry model i.e. integration
and resolution. Each bi-weekly topical discussion forum in both the intervention group and
comparison group was analyzed for evidence of the four phases in the PIM. Once the coding was
complete for all the transcripts, the codes for each phase were totaled for each discussion and for
each group. The cognitive presence phase percentages were then determined for each bi-weekly
topical discussion, These percentages were then compared to quiz scores and overall course
grades. Additionally, the intervention groups’ homework discussions one through seven were
coded and analyzed. The PIM phase percentages for homework assignments one through seven
were collected in order to evaluate any correlation to cognitive achievement (quiz scores and
final grade) and collaboration (SGCM).
Besides assessing critical thinking in the discussion forums using quantitative content
analysis (QCA), a Chemistry Concept-Reasoning test CCRT (Cloonan & Hutchinson, 2011;
Obenland, Munson, & Hutchinson, 2013) was administered at the beginning and end of the
course to both the intervention and comparison group to assess chemical understanding at the
molecular level, logical reasoning, and basic models in science (Obenland et al., 2013; Treagust
& Chiu, 2011). administered at the beginning and end of the course to both the intervention and
comparison group to assess chemical understanding at the molecular level, logical reasoning, and
basic models in science (Obenland et al., 2013; Treagust & Chiu, 2011). In testing the CCRT,
Cloonan and Hutchinson found good correlation between the CCRT and final exam grades,
which led them to conclude the CCRT was a valid measure of chemical conceptual knowledge.
The change scores between the beginning of the term and end of the term were used to evaluate
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critical thinking changes in both the intervention and comparison groups. Scores on quizzes and
final grades along with collaboration ranking were used to determine any correlation with CCRT
scores. Using two different measures for critical thinking (QCA and the CCRT) added to the
rigor and validity of the study.

Cognitive Achievement

Cognitive achievement was measured using quizzes and final course grades. The content
in each quiz corresponded to the material covered in each homework assignment. For example,
homework one covered chemical concepts from chapters one and two of the text. Quiz one also
covered chapter one and two concepts. The final course grade was also utilized to determine the
student’s cognitive achievement in the course. The final course grade included scores from
quizzes and labs.
Discussion board participation was determined by examining the posting and responses
participants contributed to the bi-weekly topical discussion forums. Participants were required to
post a substantive response to the topic and also respond at least two times to two other
participant postings. Homework participation for the intervention group was based upon posting
and responses to the homework discussion forums. For the comparison group, homework
participation was earned be submitting reasoning comments with each homework assignment
submission. The amount of homework participation points was the same for both groups. Both
courses had the same amount of total participation points available. These participation points
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were included in the final course grade for each student but not included in the final grade for
this exploratory quasi-experimental study.
Quizzes and labs, which were the same for both the intervention group and comparison
group, were used to calculate the final course grade. Six quiz scores were collected for both
groups. The comparison group took an additional quiz over material not covered in the
intervention group. This additional quiz was not counted in the comparison’s group final grade
calculation. For the labs, nine labs were the same for the two groups. The intervention group had
ten labs total but the last lab was different from the comparison group; therefore, it was not part
of the final grade calculation. The comparison group’s final grades did not include two labs since
they were different from the intervention group.

Data Collection Process

The sample population was expected to include twenty participants in each online
chemistry course. Due to attrition during the data collection period, the final numbers were
significantly lower. The data collection was completed during the summer session of 2015 and
not continued into the fall session. As reported in chapter three, past research has shown a
significant difference in student performance between shortened online chemistry courses and
full semester online chemistry courses (Gulacar, Damkaci, & Bowman, 2013). The attrition also
caused collaboration groups in the intervention course to be set at three members instead of the
intended five members.
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Data Analysis

To answer research question one, independent t-tests were used to determine if any
statistical differences existed between the intervention and comparison groups on quiz scores and
final grades. The Pearson’s correlation coefficient was also used to assess the relationship
between collaboration via the SGCM and quiz scores and final grades. Question two was
answered using independent t-tests to determine if any statistical differences existed between the
intervention and comparison groups on the online self-diagnostic test and the Chemistry Concept
Reasoning Test (CCRT). The Pearson’s correlation coefficient was used to assess the
relationship between collaboration (SGCM) and critical thinking via the CCRT. To answer
question three, the collaboration rankings from the SGCM and the phase percentages from the
PIM were used. From each homework discussion forum, the collaboration rankings and PIM
phase percentages were compared using the Pearson’s correlation coefficient. Table 2 lists the
instrument, unit of measure, and data analysis performed.

Attrition Issues

The following issues arose during data collection: unequal participant attrition between
the comparison and intervention groups, unequal attrition between groups within a course, and
small sample size. Averages were used to control for uneven attrition between the comparison
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group and the intervention group. For unequal attrition in groups within the intervention course,
average scores for each of the variables were used for the study. The greatest potential limitation

Table 2
Instrumentation and Analysis
Instrument

Unit of Measure

Analysis

Demographic Survey

Multiple

Independent t-tests

Online Self-Diagnostic

Scores

Independent t-tests

TestTest
SGCM

Pearson Correlation
Quantity

Ave. # of words

Pearson Correlation

Equality

SCV*

Pearson Correlation

Shareness

Percentage

Pearson Correlation

Percentages

Pearson Correlation

Scores

Independent t-tests

PIM Cognitive Phases
Quizzes

Pearson Correlation
Final Grade

Score

Independent t-tests
Pearson Correlation

CCRT

Scores

Independent t-tests
Pearson Correlation

* SCV = squared coefficient of variation
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of the study is the small sample size, which is unavoidable. Being as this was an exploratory
research analysis, smaller samples sizes are acceptable.

Protection of Privacy

Several measures were taken to protect the participants’ identities and privacy for this
study. First, approval for the use of human subjects was obtained from the university
institutional review board (IRB). Additionally, approval was obtained from the community
college where the study was taking place. All participants in the exploratory quasi-experimental
study signed an informed consent form. The form was collected electronically since all the
participants were online students.
An informational electronic-mail message (e-mail) was sent to all participants prior to the
start of the term under study. This email provided a description of the study and requested
participation from the email recipient (see Appendix H for consent form.) Participants were
informed that participation was voluntary and would not affect their grade. Participants were also
be informed that they could withdraw from the study at any time without any repercussions.
Assigning each participant a pseudonym was used to protect anonymity. Discussion
postings were collected as electronic documents and the participants’ names were changed to
their pseudonyms. Individual and group response patterns were then tracked without the
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individual being identified. Data were stored in password encrypted electronic files and held by
myself.

Summary

Chapters one and two provided the background and justification for this study. This
chapter outlined the methodology needed to answer the research questions. The research
instruments and how they were used. Chapters four and five will present the results and
conclusions for this study. The appendices contain information such as tables and figures to aid
in the support of this study.

CHAPTER 4
RESULTS

Chapter one covered the justification for this study and chapter two contained the
literature review. Chapter three comprised the study methodology and the plan for data collection
and analysis. In this chapter, the actual data collection process is described. Due to participation
attrition, minor data collection modifications were required. The data results section includes
specifics on the demographics, normality, independent t-tests, and correlation coefficients. Issues
with the Chemistry Concept Reasoning Test are discussed and the results of the Community of
Inquiry coding are reported.

Sample Population

The population for this study were students enrolled in Elements of Chemistry online
course and Introductory Chemistry online course during the summer of 2015. According to the
G*Power 3.1 calculator, 55 participants were required in each course to achieve statistical power
( = 0.05, 1- = 0.8) (Faul, Erdfelder, Lang, & Buchner, 2007). In the Introductory Chemistry
course (intervention group), 29 students enrolled and in the Elements of Chemistry course
(comparison group) 11 students enrolled at the start of the exploratory quasi-experimental study.
The population numbers for each course are significantly lower than required for statistical
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power. Of these 40 students only one did not consent to be part of the study. At the end of the
exploratory quasi-experimental study, the intervention class had 18 participants and the
comparison group had seven. The attrition can be attributed to participants dropping the course
within the first several weeks. Additionally, two participants in each course stopped submitting
assignments and participating in online discussions partway through the study timeframe.
Therefore, the final population was 16 active participants in the intervention class and five active
participants in the comparison class.
Demographic data were collected using a survey embedded in the online course learning
management system. Participants answered twelve demographic questions within this survey at
the beginning of the course. The intervention course had ten females (56%) and eight males
(44%), while the comparison course had five females (71%) and two males (29%). Ages of the
study population ranged from 19 to 43, with the majority of the participants contained within the
20 to 30 age range. The average age of the intervention group was 23 years old and the average
age of the comparison group was 31 years old (see Table 3).
To determine any statistically significant difference between the ages of the intervention
course participants and the comparison course participants, independent t-tests were performed.
Descriptive statistics and normality for the age data will be discussed first. The age data for the
intervention course was somewhat evenly distributed with evidence of skew (snaking of data
above and below the linear line). The age data for the comparison course was more evenly
distributed and exhibits less skew. See Figures 2 and 3 for Q-Q plots of the age data for the
intervention course and comparison course respectively.
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Table 3
Gender and Age Data

Gender

Age

Work Hours

Family Responsibility

Intervention

Comparison

Female

10

5

Male

8

2

< 20

4

0

20-30

12

4

31-40

1

3

> 40

1

0

0

3

0

11-20

6

0

21-30

3

1

31-40

2

3

> 40

4

3

None

2

0

Part-time

7

2

Full-time

9

5
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Figure 2: Q-Q Plot of Intervention Course Age Data

Figure 3: Q-Q Plot of Comparison Course Age Data
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Table 4 lists the age data descriptive statistics. Normal data distribution has means and
standard deviations that are well separated and skewness and Kurtosis values that are within the 2 to +2 range. The intervention course had good separation between the mean and the standard
deviation but failed the normality criteria for skewness and Kurtosis. The comparison course
passed all the above-mentioned normality criteria. The intervention course age data that failed
normality was examined for outliers. Figure 4 displays the boxplot for the age data. The
intervention course contained two significant outliers, data point one and eight. These outliers
were removed and the intervention course age data were reanalyzed for normality.

Table 4
Age Descriptive Statistics
Course
Intervention
Comparison

Mean
23.3
30.8

Std. Dev.
6.15
6.67

Skewness
2.383
-0.109

Kurtosis
6.002
-0.885

N = 25

With the outliers removed the mean of the intervention age data were lowered and the
separation between the mean and standard deviation was expanded (see Table 5). Skewness and
Kurtosis values are also between the -2 to +2 range. Normality of population distribution had
been met. The Q-Q plot was also more evenly distributed and exhibited less skew. See Figure 5.
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Figure 4: Boxplot of Age Data
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Table 5
Age Descriptive Statistics with Outliers Removed
Course
Intervention
Comparison

N
23
25

Mean
21.4
30.8

Std. Dev.
2.93
6.67

Skewness
0.972
-0.109

Kurtosis
0.321
-0.885

Figure 5: Q-Q Plot of Intervention Age Data with Outliers Removed

Independent t-tests were then performed on the age data with the outliers removed to
determine if the two courses were statistically significantly different. The null hypothesis H0: 12
= 22 and the alternative hypothesis H1: 12 ≠ 22 were established for the Levene’s test. The
tsample = 5.071, p = 0.000, and the 95% confidence interval of the difference (-13.28232, -

60
5.55696) does not contain the value zero. The p value is < 0.05, and tsample is greater than tcritical
which equals 2.080 for df = 21; therefore, the null hypothesis was rejected. The sample
populations did not have equal variances and there was a statistically significant difference
between the age data of the two courses.
A majority of the participants in the intervention group worked part-time whereas a
majority of the comparison group participants worked full-time (Table 6). Beside work
commitments, almost all the participants in the study also had family obligations. In the
intervention group, 39% had part-time family responsibilities and 50% had full time family
responsibilities. In the comparison group, 29% had part-time responsibilities and the other 71%
had full time responsibilities.

Table 6
Outside Class Obligation Data

Work Hours

Family Responsibility

N

Intervention

Comparison

0

3

0

11-20

6

0

21-30

3

1

31-40

2

3

> 40

4

3

None

2

0

Part-time

7

2

Full-time

9

5

18

7
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Descriptive statistics and normality for the work hour data will be discussed and then the
independent t-test results will be examined next. After all the work hour statistics and test are
covered, the family responsibility data will be considered. Ranges were set for the work hour
data. The value of one was assigned to zero work hours per week. The value of two was
equivalent to one to ten hours per week. Three equaled 11 to 20 hours, four equaled 21 to 30
hours, five equaled 31 to 40 hours, and six was any work time over 40 hours per week. The
comparison course had better separation between the mean and the standard deviation than the
intervention course (Table 7). The skewness and Kurtosis values for work hours data for both
courses fell within the -2 to +2 range and both passed the normality criteria. No outliers were
present in either set of data (Figure 6).

Table 7
Work Hours Descriptive Statistics

Intervention
Comparison

N
18
7

Mean
3.72
5.29

Std. Dev.
1.71
0.756

Skewness
-0.150
-0.595

Kurtosis
-0.862
-0.350

Independent t-tests were then performed on the work hours data to determine if there was
any statistically significant difference between the two courses. The null hypothesis H0: 12 = 22
and the alternative hypothesis H1: 12 ≠ 22 were established for the Levene’s test. The tsample =
2.311, p = 0.046, and the 95% confidence interval of the difference (-2.963, -0.164) does not
contain the value zero. The p value is < 0.05, and tsample is greater than tcritical which equals 2.069
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Figure 6: Boxplot of Work Hour Data
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for df = 23; therefore, the null hypothesis was rejected. The sample populations did not have
equal variances and there was a statistically significant difference between the work hour data of
the two courses.
For the family responsibility data, the value of one was set for no family responsibility,
two was part-time family responsibility, and three was full-time family responsibility. The
intervention and comparison course had similar means with the comparison participants having
more family responsibility than the intervention participants. The comparison course had better
separation between the mean and the standard deviation than the intervention course (Table 8).
The skewness and Kurtosis values for both courses fell within the -2 to +2 range and both passed
the normality criteria. No outliers were present in either set of data (Figure 7).

Table 8
Family Responsibility Descriptive Statistics
Course
Intervention
Comparison

N
18
7

Mean
2.39
2.71

Std. Dev.
0.70
0.49

Skewness
-0.724
-1.230

Kurtosis
-0.481
-0.840

Independent t-tests were then performed on the family responsibility data to determine if
there was any statistically significant difference between the two courses. The null hypothesis
H0: 12 = 22 and the alternative hypothesis H1: 12 ≠ 22 were established for the Levene test.
The tsample = -1.125, p = 0.119, and the 95% confidence interval of the difference (-0.924, 0.273)
does contain the value zero. The p value is > 0.05, and tsample is less than tcritical which equals
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Figure 7: Boxplot of Family Responsibility Data
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2.069 for df = 23; therefore, the null hypothesis was rejected. The sample populations did have
equal variances and there was no statistically significant difference between the family
responsibility data of the two courses.
All 25 of the study participants had home computers. All the participants in the
comparison group also had home internet access while two of 18 the participants in the
intervention group did not have home internet access. The two participants without home internet
access did successfully complete the course and participated throughout the study.
The last chemistry course a vast majority of the participants in the study completed with a
“C” or better was at the high school level: 72% in the intervention group and 86% in the
comparison group. On the other hand, the last math course completed with a “C” or better was at
the introductory college level: 61% in the intervention group and 57% in the comparison group.
See Table 9.

Table 9
Last Chemistry and Math Course
Intervention

Comparison

Last Chemistry Course Never or < C

3

0

High School

13

6

Introductory College

1

1

College Freshman Level

1

0

High School

1

1

Introductory College

11

4

College Freshman Level

6

2

18

7

Last Math Course

N
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In both courses, the participants had similar grade expectations. When asked what would
be the lowest satisfactory grade the participant would accept, 61% of the intervention group
participants answered with “B” while 57% of the comparison group participants answered the
same. When asked what grade participants thought they would earn in the online chemistry
course, 56% of the intervention group participants responded with an “A” grade while 57% of
the comparison group responded with an “A” grade. Participants in both courses also had similar
expectations pertaining to study time. A majority of participants in both courses planned on
studying between four to eight hours per week. When asked what they considered excessive
amount of study time, a majority in each course answered “I will study as much as needed” (61%
in the intervention group and 57% in the comparison group). See Table 10.

Results

The quantitative data collected in the learning management system and the Community of
Inquiry coding data from the discussion postings and homework reasoning were analyzed using
SPSS version 22. Before using independent t-tests and Pearson’s correlation coefficients to
answer the study research questions, the data were evaluated for reliability and descriptive
statistics (mean, standard deviation, skewness, and Kurtosis). Each research question and the
data associated with it will be handled separately, starting with research question one and its subquestions.
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Table 10
Chemistry Course Expectations

Lowest Grade

A
B
C

Intervention
4
11
3

Earned Grade

A
B

10
6

4
2

C

1

1

2-4
4-6
6-8
8-10
10-12
> 12

2
3
8
2
1
2

0
4
1
1
1
0

>6
>9
> 12

2
4
1

2
1
0

Study as much as needed

11

4

18

7

Hours Studying

Excessive Study Hours

N

Comparison
2
4
1
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Research Question 1

Research question one asked, “Is there a relationship between collaboration and cognitive
achievement in an online chemistry course environment?” To answer this question, quantity,
equality, and shareness data were collected using the Small Group Collaboration Model
(SGCM).
Quiz scores and final grade were collected for the cognitive achievement part of the question.
The descriptive statistics and normality of the data will be discussed first.
SGCM quantity and equality data are fairly evenly distributed with evidence of skew
(snaking of data above and below the linear line). The data for SGCM shareness is more evenly
distributed and exhibits less skew. See Figures 8, 9, and 10, for Q-Q plots of SGCM quantity,
equality, and shareness respectively.
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Figure 8: Q-Q Plot of Intervention Course SGCM Quantity

Figure 9: Q-Q Plot of Intervention Course SGCM Equality
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Figure 10: Q-Q Plot of Intervention Course SGCM Shareness
Table 11 lists the SGCM quantity, equality, and shareness data for the seven homework
assignments in the study. Normal data distribution has means and standard deviations that are
well separated and skewness and Kurtosis values that are within the -2 to +2 range. The quantity
data for homework three through seven fail the normality criteria. Homework assignments two,
four, five and seven for equality fail normalcy. For the shareness data, homework assignments
three through seven failed.
The group data within each homework assignment that failed normality was examined for
outliers. Figure 11, Figure 12, and Figure 13 display the boxplots for the SGCM quantity,
equality, and shareness data respectively. Group number five in homework assignment three
discussion was an outlier for all three SGCM indicators (Point 16 in Figure 11, Figure 12, and
Figure 13). The most prolific writer of the intervention course was participant M who was in
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group five for homework assignment three discussion. Participant M produced a much larger
quantity of words in each of his homework discussion postings than any of the other participants
in the intervention course. For outlier 16, participant M produced over 94% of the quantity of
words for homework assignment three. One of the participants in the group did not participate
and the other participant only posted twice during the discussion. Due to this uneven distribution
within this homework assignment three discussion, all three SGCM indicators became significant
outliers. For outlier 29 in Figure 11, participant M and participant J were in the same group.
Participant J did not produce as high a volume of words as participant M but much more so than
the rest of the intervention course population. Therefore, this group contained participant J and
M produced a significantly larger quantity of words than any other group. Outlier 35 in Figure 11
and Figure 12 contained participant J. In this group the discussion distribution was slightly more
even with participant J contributing almost 80% of the quantity of words but she still dominated
Table 11
Small Group Collaboration Descriptive Statistics

Quantity
(ave. # of
words)

Equality

Shareness

N

Homework

Mean

Std. Dev.

Skewness

Kurtosis

6
5
5
5
5
5
5
6
5
5
5
5
5
5
6

1
2
3
4
5
6
7
1
2
3
4
5
6
7
1

458
476
347
371
425
320
288
0.74
1.03
0.88
1.60
0.37
1.37
0.69
71.8

164
247
362
338
236
519
274
0.58
1.17
0.46
0.63
0.24
0.96
0.88
17.4

0.544
0.463
1.970
0.545
0.441
2.170
1.943
0.571
1.394
0.543
-0.430
-0.441
-0.003
1.638
-1.178

0.104
-0.739
4.042
-2.478
3.117
4.769
3.836
1.034
1.630
0.953
-2.084
-3.020
-0.764
2.833
0.620
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5
5
5
5
5
5

2
3
4
5
6
7

89.0
75.2
72.6
72.6
69.0
68.0

13.8
15.5
34.8
26.3
32.7
31.8

-1.276
1.105
-1.476
-0.570
-0.227
0.034

1.191
2.084
2.296
-3.195
-3.030
-2.980
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Figure 11: Boxplot of Small Group Collaboration Model Quantity Data
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Figure 12: Boxplot of Small Group Collaboration Model Equality Data
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Figure 13: Boxplot of Small Group Collaboration Model Shareness Data
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the discussion. Participant M also contributed to outlier 17 in Figure 13. Over 80% of the words
produced in the homework assignment four discussion was from participant M and he also
addressed almost all of his discussion posting to participant O. The other two participants in the
group, participant C and participant E contributed to less than six percent of the words posted in
the homework assignment four discussion thread. Finally, outlier point 11 in Figure 12 can be
attributed to two members of the group not participating at all during the homework assignment
three discussion, and N was obliged to carry the entire discussion by himself. These outliers were
removed and the remaining data were reanalyzed.
By removing outlier point 16, homework assignment three now meets the requirements
for normality for all three SGCM indicators. The removal of outlier 35 brought the SGCM
quantity data under normality. The removal of the other outliers did not have a significant effect
on the normality of the data. See Table 12. The data that met the assumption of normality and
were used to answer research question one are SGCM quantity from homework assignments one,
two, three, and seven; the SGCM equality data from homework assignments one, two, three, and
six; and the SGCM shareness data from homework assignments one, two, and three.
In order to completely answer research question one, the cognitive achievement data for
the intervention course must also be analyzed for normality. Figures 14 through 20 display the
Q-Q plots for quiz one through quiz 6, and final grade respectively. The Q-Q plots for quiz one
(Figure 14), two (Figure 15), five (Figure 18), six (Figure 19), and final grade (Figure 20) are
somewhat fairly distributed with evidence of some skew. The plots for quiz three (Figure 16) and
four (Figure 17) are more evenly distributed with less skew.
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Table 12
Small Group Collaboration Statistics with Outliers Removed

Quantity

Equality

Shareness

N
4
4
4

Homework
3
6
7

Mean
189
89.0
169

Std. Dev.
92.4
65.1
75.2

Skewness
0.268
-0.268
1.289

Kurtosis
-1.932
-3.885
1.135

4
4

2
3

0.56
0.71

0.57
0.30

1.096
-0.786

1.467
1.248

4

7

0.33

0.34

0.335

-3.976

4
4

3
4

69.0
87.0

8.04
15.4

-1.015
-0.229

1.500
-4.690

Figure 14: Q-Q Plot of Intervention Course Quiz One
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Figure 15: Q-Q Plot of Intervention Course Quiz Two

Figure 16: Q-Q Plot of Intervention Course Quiz Three
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Figure 17: Q-Q Plot of Intervention Course Quiz Four

Figure 18: Q-Q Plot of Intervention Course Quiz Five
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Figure 19: Q-Q Plot of Intervention Course Quiz Six

Figure 20: Q-Q Plot of Intervention Course Final Grade
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Table 13 lists the descriptive statistics along with skewness and Kurtosis. Quiz four, five
and the final grade data failed normality due to Kurtosis being outside the -2 to +2 range. The
data for these three cognitive achievement indicators were then examined for any significant
outliers. Quiz four and final grade had two significant outliers and quiz five had one significant
outlier. See Figure 21, Figure 22, and Figure 23, for the boxplots of quiz four, quiz five and final
grade respectively.

Table 13
Reliability of Cognitive Achievement Data for Intervention Course
Quiz
1
2
3

N
16
16
16

Mean
36.4
41.6
36.1

Std. Dev
7.97
5.39
4.92

Skewness
-0.649
-1.497
0.307

Kurtosis
-0.757
1.429
-1.271

4
5
6
Final Grade

16
16
16
16

40.3
37.4
36.5
275

6.19
7.56
9.23
84

-1.709
-1.825
-1.230
-2.154

2.933
4.415
0.953
5.034

The outliers for quiz four, quiz five and final grade were removed and the data were
reanalyzed for normality. The Kurtosis values for all three data points now fell between the -2 to
+2 range and the assumption of normality was satisfied. See Table 14, for descriptive statistics,
skewness and Kurtosis with the outlier data removed.
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Figure 21: Boxplot of Intervention Course Quiz Four
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Figure 22: Boxplot of Intervention Course Quiz Five
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Figure 23: Boxplot of Intervention Course Final Grade
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Table 14
Cognitive Achievement Data for Intervention Course with Outliers Removed
Quiz
4
5
Final Grade

N
14
15
14

Mean
42.5
39.8
301

Std. Dev
2.88
4.37
37.0

Skewness
0.038
-0.878
-0.628

Kurtosis
-1.175
0.347
-0.327

Normality was established for homework assignments one, two, and three for all three
SGCM indicators. SGCM quantity data were normal for homework assignment seven and
SGCM equality was normal for homework assignment six. Even though all the quizzes and final
grade data were deemed normal after outliers were removed, quiz four will not be used for
correlating collaboration and cognitive achievement because the corresponding collaboration
data did not meet the normality assumption.
To check for correlation between homework assignment one SGCM quantity, equality,
and shareness and quiz one and final grade performance, a bivariate correlation analysis was
performed. The null hypotheses stated: there was no correlation between each of the SGCM
indicators and either quiz one or final grade. The alternate hypotheses stated: there was a
correlation between each of the SGCM indicators and either quiz one or final grade.
H0:  = 0 No correlation
H1:  ≠ 0 Correlation
The rcritical = 0.456 for the population of N = 18. Since the rsample was less than the rcritical the null
hypothesis cannot be rejected and the alternate hypothesis is rejected for all cases. There was no
correlation between homework assignment one SGCM indicators and either quiz one or final
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grade. See Table 15, for r and p values for each of the correlation analyses.

Table 15
Pearson Correlation Data for SGCM Homework One, Quiz One, and Final Grade
SGCM
Quantity
Equality
Shareness

Pearson Correlation
Sig. (2-tailed)

Quiz One
0.007
0.979

Final Grade
-0.093
0.732

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

-0.021
0.934
0.013
0.959

0.032
0.907
0.229
0.394

Correlation analysis was also done for homework assignment two SGCM indicators with
quiz two and final grade. No correlation was found between any of the homework assignment
two SGCM indicators and their associated quiz two or final grade. Table 16 contains the r and p
values for each analysis for homework assignment two, quiz two and final grade.

Table 16
Pearson Correlation Data for SGCM Homework Two, Quiz Two, and Final Grade
SGCM
Quantity
Equality
Shareness

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

Quiz Two
0.331
0.195
0.109
0.710
-0.285
0.267

Final Grade
0.181
0.503
0.158
0.589
-0.231
0.389
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Homework assignment three SGCM indicators and quiz three and final grade were
analyzed. Two significant correlations were found. Homework assignment three SGCM
shareness and quiz three showed a correlation because the rsample value of 0.830 was greater than
the rcritical value of 0.456 and the p value (0.000) was less than the alpha level of 0.05. This data
showed a large negative correlation. The r2 value 0.8302 = 0.69. This value is the percent
variance (69%) in quiz three accounted for by SGCM shareness. Homework assignment three
SGCM shareness also displayed a correlation with final grade. The rsample value of 0.677 was
greater than the rcritical value of 0.456 and the p value (0.008) was less than the alpha level of
0.05. This data showed a large negative correlation. The r2 value 0.6772 = 0.69. This value is the
percent variance (46%) in final grade accounted for by SGCM shareness. Table 17 contains the r
and p values for each analysis for homework assignment three, quiz three and final grade.

Table 17
Pearson Correlation Data for SGCM Homework Three, Quiz Three, and Final Grade
SGCM
Quantity
Equality
Shareness

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

Quiz Three
0.186
0.524
0.388
0.171
-0.830*
0.000

Final Grade
0.497
0.070
-0.065
0.825
-0.677*
0.008

Homework assignment six SGCM equality and homework assignment seven SGCM
quantity satisfied normality; therefore, only these two indicators were used to test correlation to
the associated quiz and final grade. Pearson Correlation r value for homework six with quiz five
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was 0.017 and p = -.951. The r values for homework assignment six with final grade was -0.125
and p = 0.644. Both these cases failed to reject the null hypothesis; therefore, there was no
correlation. Homework assignment seven SGCM quantity and quiz six Pearson Correlation = 0.262 and p = 0.411. Homework assignment seven SGCM quantity and final grade Pearson
Correlation = -0.220 and p = 0.493. Again both these cases failed to reject the null hypothesis;
therefore, there was no correlation.
Although the SGCM indicators are a suitable method to assess group collaboration and
individual student participation, this study found no correlation between these indicators and
cognitive achievement in an online chemistry course. The only correlation established was
homework assignment three discussion shareness with quiz three scores and the final grade. This
was a negative correlation, however, meaning less team work in the group led to better scores on
quiz three and final grade.

Research Question 1a

Research question 1a was concerned with the level of collaboration as specified by the
SGCM indicators. As noted in the previous section, all three SGCM indicators (quantity,
equality, and shareness) data were only valid for homework discussions one, two, and three;
therefore only homework discussions one, two, and three SGMC indicators will be discussed.
Equality, which measured the amount of equal participation among the group members, did not
change much over the three homework discussions. Equal participation among all group
members would yield a value of zero for perfect distribution of participation. The mean values
for equality in the first three homework assignments were 0.78, 0.64, and 0.69 respectively.
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Shareness, which measured a group’s cohesiveness and teamwork, ranged from 74% for
homework one discussion to 88% for homework two discussion. A shareness value of 100%
means all communication was shared among all group members. Quantity had the highest
variation among the SGCM indicators. The quantity of words per participant ranged from 90 to a
high of 978. These extreme values were both found in homework three discussion. The range of
values for quantity increased with each homework discussion. Homework one discussion had a
difference of 445 between the low and high value. Homework two had a difference of 630, while
homework three discussion increased even further to 888. Table 18 lists the high, low, and mean
values for quantity, equality, and shareness.

Table 18
Descriptive Statistics for SGCM Indicators for Homework One, Two, and Three
Homework
1

2

3

Mean
High
Low
Mean
High
Low
Mean
High
Low

Quantity
446
720
275
482
821
191
347
978
90

Equality
0.78
1.63
0.08
0.64
1.57
0.01
0.69
1.57
0.31

Shareness
74
86
62
88
100
67
75
100
58

Collaboration varied greatly between groups and homework discussions. Several outliers
were removed on both ends of the spectrum due to no participation in the group discussion or
individual participants dominating the discussions. The SGCM quantity displayed a general
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decreasing trend over the course of the exploratory quasi-experimental study. The SGCM
equality and shareness appear to be dependent on the makeup of the group members.
To check for correlation between the SGCM quantity, equality, and shareness indicators,
a bivariate correlation analysis was performed. The null hypotheses stated: there was no
correlation between each of the SGCM indicators. The alternate hypotheses stated: there was a
correlation between each of the SGCM indicators.
H0:  = 0 No correlation
H1:  ≠ 0 Correlation
The rcritical = 0.349 for the population of N = 32. Since the rsample was less than the rcritical the null
hypothesis could not be rejected and the alternate hypothesis was rejected for all cases. There
was no correlation between the SGCM indicators. See Table 19, for r and p values for each of the
correlation analyses.

Table 19
Pearson Correlation Data for SGCM Indicators
SGCM
Quantity
Equality
Shareness

Quantity
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

-0.141
0.441

Pearson Correlation
Sig. (2-tailed)

-0.295
0.101

Equality
-0.141
0.441

-0.068
0.713

Shareness
-0.295
0.101
-0.068
0.713
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Research Question 1b

Research question 1b first examined cognitive achievement of all online chemistry
students in the study. The scores from the six quizzes and the final grade were used as indicators
of cognitive achievement. Table 20 lists the descriptive statistics and normality data for quiz
scores and final grade of the entire study population. Several indicators were used to determine if
the assumption of normal population distribution was satisfied. First the standard deviation is
smaller and a good distance from the mean. Second skewness and Kurtosis are within the -2 to
+2 range for most quizzes. The Kurtosis value for quiz three is outside this range. Finally, the QQ plots for quiz two (Figure 25), four (Figure 27), six (Figure 29) and final grade (Figure 30) are
somewhat fairly distributed with evidence of some skew. The plots for quiz one (Figure 24), quiz
three (Figure 26) and five (Figure 28) are more evenly distributed with less skew.

Table 20
Descriptive Statistics for Cognitive Achievement for Entire Study Population
Quiz
1
2
3
4
5
6
Final Grade
N = 24

Mean
34.7
40.1
35.6
41.2
38.1
35.5
282

Std. Dev
9.2
6.0
8.1
4.3
6.1
10.7
68

Skewness
-0.448
-0.692
-0.960
-1.069
-0.332
-1.063
-1.306

Kurtosis
-0.960
-0.894
2.542
1.146
-1.284
0.348
1.729
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Figure 24: Q-Q Plot of Entire Study Population Quiz One

Figure 25: Q-Q Plot of Entire Study Population Quiz Two
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Figure 26: Q-Q Plot of Entire Study Population Quiz Three

Figure 27: Q-Q Plot of Entire Study Population Quiz Four
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Figure 28: Q-Q Plot of Entire Study Population Quiz Five

Figure 29: Q-Q Plot of Entire Study Population Quiz Six

95

Figure 30: Q-Q Plot of Entire Study Population Final Grade

The data were then examined for any significant outliers. Quiz three (Figure 31), quiz
four (Figure 32) and quiz six (Figure 33) had one significant outlier while final grade (Figure 34)
had two significant outliers. The quiz three outlier was a participant who had not completed the
homework assignment associated with the quiz and did not continue to participate in the course
after this quiz. Participant S was the quiz 6 outlier. She struggled with the course content
throughout and was consistently one of the low performers. Finally, the final grade outliers were
two participants who had stopped actively participating in the course and had not taken the last
two quizzes. These outliers were removed and the data were reanalyzed for normality. The
distance between the mean and standard deviation for quiz three, four, six and final grade was
increased after removal of the outliers. Skewness and Kurtosis were also reduced and now all
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Figure 31: Boxplot of Entire Study Population Quiz Three
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Figure 32: Boxplot of Entire Study Population Quiz Four
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Figure 33: Boxplot of Entire Study Population Quiz Six
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Figure 34: Boxplot of Entire Study Population Final Grade
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values fall in the -2 to +2 range. The assumption of normality was satisfied. See Table 21, for
descriptive statistics, skewness and Kurtosis with the outlier data removed for all quizzes and
final grade.

Table 21
Cognitive Achievement Data for Entire Study Population with Outliers Removed
Quiz
1
2
3
4
5
6
Final Grade

N
24
24
23
23
24
23
22

Mean
34.7
40.1
36.7
41.8
38.1
36.7
300.8

Std. Dev
9.2
6.0
6.2
3.5
6.1
9.2
43.6

Skewness
-0.448
-0.692
0.412
-0.592
-0.332
-1.001
-0.323

Kurtosis
-0.960
-0.894
-1.285
-0.195
-1.284
0.329
-0.980

A total of 50 possible points were available for each quiz and the final grade totaled 390
points. The average quiz score did not vary much from one quiz to the next. Quiz scores ranged
from 34.7 to 41.8 (Figure 35) and the average of all quiz scores was 38 or a 76%. The average
final grade calculated out to 77%. Each quiz assessed participant’s knowledge on discrete
chemical concepts. Course content did build on itself but the majority of each assessment was
distinct and new for each homework assignment and quiz. From the evidence of the average quiz
scores, participants were attaining a basic understanding of the material but were not mastering
the chemical concepts.
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Figure 35: Average Quiz Scores of Entire Study Population

The population normality of the comparison group’s cognitive achievement data (quizzes
one through seven and final grade) were analyzed so independent t-test could be assessed
between the intervention group and the comparison group. Table 22 lists the descriptive statistics
and normality data for quiz scores and final grade of the comparison group. Several indicators
were used to determine if the assumption of normal population distribution was satisfied. First
the standard deviation is smaller and a good distance from the mean. All the comparison course
cognitive achievement data meets these criteria. Second skewness and Kurtosis are within the -2
to +2 range for most quizzes. The Kurtosis value for quizzes one, three, four, and five and final
grade were outside this range. The data were then examined for any significant outliers. The
comparison course cognitive achievement data did not contain any significant outliers; therefore,
only quiz two and six could be used for the independent t-tests.
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Table 22
Cognitive Achievement Data for Comparison Course
Quiz
1
2
3
4
5

Mean
33.2
36.8
36.7
37.8
35.7

Std. Dev
13.9
8.27
9.15
6.45
9.38

Skewness
0.127
0.750
0.568
0.064
0.549

Kurtosis
-3.009
-1.955
-3.261
-2.176
-3.231

6
Final Grade

32.2
300.9

15.5
72.0

-0.616
-0.075

-0.818
-5.543

N=5

The null hypothesis H0: 12 = 22 and the alternative hypothesis H1: 12 ≠ 22 were
established for the Levene’s test for quiz two and quiz six. The tsample = 1.418 for quiz two, p =
0.171, and the 95% confidence interval of the difference (-0.83369, 9.68565) does contain the
value zero. The p value is >0.05, and tsample is less than tcritical which equals 2.080 for df = 21;
therefore, the null hypothesis was not rejected. The sample populations did have equal variances
and there was no statistically significant difference between the quiz two scores for the two
courses. The tsample = -0.202 for quiz six, p = 0.984, and the 95% confidence interval of the
difference (-10.45770, 10.25770) does contain the value zero. The p value is >0.05, and tsample is
less than tcritical which equals 2.110 for df = 17; therefore, the null hypothesis was not rejected.
The sample populations did have equal variances and there was no statistically significant
difference between the quiz six scores for the two courses.
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Research Question 2

Research question two examined if there was a relationship between critical thinking and
cognitive achievement in an online chemistry course environment. To determine critical thinking
within the intervention group and the comparison group, the chemistry concept reasoning test
(CCRT), student online self-diagnostic test (OSDT), and the Community of Inquiry (CoI)
cognitive phases were collected. Before a correlation could be tested, the data needed to meet
two assumptions. One the population distribution was normal and two the sample populations
had equal variances. Normal population distribution was tested using Q-Q plots and skewness
and Kurtosis values. The equal variances of sample populations were checked using independent
t-tests.
The CCRT data for both the intervention course and the comparison course is listed in
Table 23. The skewness and Kurtosis values for the intervention course fall in the -2 to +2 range
and thus satisfy the assumption of normal population distribution. For the comparison course,
both the skewness and Kurtosis values fall outside of the -2 to +2 range and fail the normal
population distribution assumption. The intervention course Q-Q plot for beginning of the course
CCRT (Figure 36) and the plot for the end of the course CCRT (Figure 37) are somewhat fairly
distributed with evidence of some skew. For the comparison course, the beginning of the course
CCRT and the end of the course CCRT Q-Q plots (Figure 38 and Figure 39 respectively) are not
evenly distributed and skewness cannot be determined due to lack of data points.
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Table 23
Descriptive Statistics for CCRT Data
Course

Administered

Mean

Std. Dev.

Skewness

Kurtosis

Intervention

Beginning

6.29

2.38

0.600

1.233

End

8.38

3.52

0.324

-1.322

Beginning

8.00

4.65

2.082

4.893

End

10.6

3.36

1.169

2.034

Comparison

Figure 36: Q-Q Plot of Intervention Course Beginning CCRT
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Figure 37: Q-Q Plot of Intervention Course End CCRT

Figure 38: Q-Q Plot of Comparison Course Beginning CCRT
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Figure 39: Q-Q Plot of Comparison Course End CCRT

The data were then examined for any significant outliers. For the beginning of the course
CCRT (Figure 40) both courses had one outlier each and the end of course CCRT (Figure 41)
had one outlier in the comparison course. The outlier in the intervention course beginning CCRT
is participant M, who was an outlier in several cases listed previously in the research question
one section. This participant came into the course with more advanced chemical knowledge than
his peers. The same can be said of the outlier for the comparison course. Participant U far out
performed all participants in both courses in the beginning and end CCRT. These outliers were
removed and the data were reanalyzed to test assumption validity.
With the outliers removed, the distance between the mean and standard deviation was
decreased for the both the beginning CCRT values and the comparison course end CCRT value.
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Skewness and Kurtosis were also reduced and now all values fall in the -2 to +2 range. The
assumption of normality was satisfied. See Table 24, for descriptive statistics, skewness and
Kurtosis with the outlier data removed for CCRT data. For the comparison course, the beginning
of the course CCRT and the end of the course CCRT Q-Q plots (Figure 42 and Figure 43
respectively) are more evenly distributed with the outliers removed but skewness still cannot be
determined due to lack of data points.

Figure 40: Boxplot of Beginning CCRT
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Figure 41: Boxplot of End CCRT
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Table 24
Descriptive Statistics for CCRT Data with Outliers Removed
Course
Intervention
Comparison

Administered
Beginning
End
Beginning
End

Mean
5.94
8.38
6.33
9.25

Std. Dev.
1.95
3.52
1.63
1.71

Skewness
-0.086
0.324
-0.383
-0.753

Kurtosis
0.728
-1.322
-1.481
0.343

Figure 42: Q-Q Plot of Comparison Course Beginning CCRT with Outlier Removed
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Figure 43: Q-Q Plot of Comparison Course End CCRT with Outlier Removed

To see if the intervention course and the comparison course populations had equal
variances at the beginning of the exploratory quasi-experimental study, the beginning CCRT
values were used to performed a Levene’s test for equality of variances with the null hypothesis
H0: 12 = 22 and the alternative hypothesis H1: 12 ≠ 22. From the Levene test results, the
beginning CCRT values were equal for the intervention and comparison course, tsample = -0.441,
p = 0.997, and the 95% confidence interval of the difference did contain the value zero. The p
value was > 0.05, and tsample is less than tcritical which equals 2.086 for df = 20; therefore, the null
hypothesis was rejected. The same populations had equal variances.
The CCRT data from the end of the course was then evaluated to determine if the
intervention course and the comparison course populations had equal variances at the end of the
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exploratory quasi-experimental study, the end CCRT values were used to performed a Levene’s
test for equality of variances with the null hypothesis H0: 12 = 22 and the alternative hypothesis
H1: 12 ≠ 22. From the Levene’s test results, the emd CCRT values were equal for the
intervention and comparison course, tsample = -0.467, p = 0.074, and the 95% confidence interval
of the difference did contain the value zero. The p value was > 0.05, and tsample is less than tcritical
which equals 2.131 for df = 15; therefore, the null hypothesis was rejected. The same populations
had equal variances.
Next the online self-diagnostic test data were examined for population distribution
normality. The critical thinking test section data for both the intervention and comparison course
and the math section data for the comparison course failed the assumption of population
distribution normality. The means and standard deviations were not well separated and the
skewness and Kurtosis values were outside the -2 to +2 range. See Table 25 for the descriptive
statistics of the online self-diagnostic test.
The data were then examined for any significant outliers. The data for the critical
thinking section in the intervention course contained the only outlier. See Figure 44. This data
point was removed and the assumption of normal population distribution was reexamined. The
mean for the critical thinking section in the intervention course was 1.59, standard deviation:
1.06, skewness: -0.437, and Kurtosis: -0.970. This data now satisfied the normal distribution
assumption.
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Table 25
Descriptive Statistics for Online Self-Diagnostic Test
Course
Intervention

Comparison

Test Section
Background
Conceptual
Critical Thinking
Math
Problem Solving

Mean
14.7
5.96
2.17
8.00
4.00

Std. Dev.
3.20
2.10
2.66
2.91
2.47

Skewness
-0.256
0.346
3.186
-0.129
0.210

Kurtosis
-0.761
-0.781
12.142
0.425
-0.531

Total

34.24

7.54

-0.015

-1.044

Background
Conceptual
Critical Thinking
Math
Problem Solving
Total

17.78
7.78
1.28
6.28
3.14
36.28

4.16
3.73
1.38
5.59
2.79
11.92

0.511
-0.619
0.359
-0.012
0.566
-0.074

0.779
-0.384
-2.090
3.1429
0.377
-0.676

Intervention: N = 18, Comparison: N = 7
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Figure 44: Boxplot of Online Self-Diagnostic Test Critical Thinking
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To see if the intervention course and the comparison course populations had equal
variances, only the background section data, conceptual section data, and the diagnostic test
score total could be used since these were the only data for the comparison class that satisfied the
normal population distribution assumption. A Levene’s test for equality of variances was
performed with the null hypothesis H0: 12 = 22 and the alternative hypothesis H1: 12 ≠ 22.
From the Levene test results (Table 26) the p value is > 0.05, therefore, the null hypothesis was
rejected. The sample populations had equal variances. The intervention and comparison course
populations scored similarly on the online diagnostic background, conceptual, and on the overall
total for the online self-diagnostic test. This can be confirmed visually in Figures 45, 46, and 47
respectively.

Table 26
Levene’s Test for Equality of Variances on Online Self-Diagnostic Test Data
Diagnostic Section
Background
Conceptual
Total Score

Levene Statistic
0.232
4.087
1.809

df
23
23
23

t
-1.980
-1.564
-0.517

Sig. (p)
0.634
0.055
0.192

The online self-diagnostic test score ranges were evaluated for normal population
distribution. The following values were assigned for the range total scores from the online selfdiagnostic test based on Kennepohl et al., (2010): 1 = < 25 points; 2 = 25 to 37 points; 3 = 38 to
51 points; and 4 = > 51 points. The mean range score was 2.40 with a standard deviation of
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Figure 45: Boxplots of Online Self-Diagnostic Background Scores for Both Courses
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Figure 46: Boxplots of Online Self-Diagnostic Conceptual Scores for Both Courses
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Figure 47: Boxplots of Online Self-Diagnostic Total Scores for Both Courses
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0.764. The skewness value was -0.244 and the Kurtosis value was -0.307. The mean and
standard deviation are well separated and the skewness and Kurtosis fall within the -2 to +2
range. The data meets the normality requirement. This normal population distribution is visually
apparent from the histogram. See Figure 48.
To determine if a correlation existed between the online self-diagnostic test score ranges
and the final grade, a bivariate analysis was performed. The online self-diagnostic test score
ranges and the final grade exhibited a correlation because the rsample value of 0.478 was greater
than the rcritical value of 0.381 (N = 25) and the p value (0.016) was less than the alpha level of
0.05. This data showed a small positive correlation. The r2 value 0.4782 = 0.23. This value is the
percent variance (23%) in final grade scores accounted for by the online self-diagnostic test score
ranges.
To determine if the online self-diagnostic test score ranges and any of the quiz scores
exhibited a correlation, the online self-diagnostic test score ranges and the quizzes were
evaluated for population normality (see Table 27). The mean and standard deviation for all the
quizzes were well separated. Kurtosis values for quiz one, two, four, and five were outside the -2
to +2 range though. The boxplots for quizzes one, two, four, and five were then examined for
any outliers. See Figures 49 through 52 for quizzes one, two, four, and five, respectively. In the
boxplots for quiz one, two, four, and five, entry 24 is a statistical outlier. This point was removed
and the data reanalyzed for population normality.
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Figure 48: Histogram of Online Self-Diagnostic Test Score Ranges

120
Table 27
Online Self-Diagnostic Test Score Ranges and Quiz Descriptive Data
Quiz

Quiz 1

Quiz 2

Quiz 3

Quiz 4

Quiz 5

Quiz 6

Online SelfDiagnostic
Range

Mean

Std. Dev.

Skewness

Kurtosis

25-37

34.7

6.8

-1.184

-0.749

38-51

39.5

9.6

-1.686

3.024

25-37

44.0

1.9

0.401

-2.070

38-51

42.5

5.1

-1.299

2.334

25-37

35.2

4.0

0.191

-0.523

38-51

39.6

6.4

-0.854

-0.941

25-37

41.6

3.4

0.899

-0.751

38-51

42.5

4.0

-1.789

3.476

25-37

38.0

5.3

0.172

-0.441

38-51

40.7

5.2

-1.846

4.165

25-37

39.8

5.2

-0.368

0.322

38-51

41.5

4.8

-0.781

-0.078

Range 25-37, N = 7; range 38-51, N = 7; range > 51, N = 1
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Figure 49: Boxplots of Online Self-Diagnostic Test Score Ranges and Quiz One
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Figure 50: Boxplots of Online Self-Diagnostic Test Score Ranges and Quiz Two
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Figure 51: Boxplots of Online Self-Diagnostic Test Score Ranges and Quiz Four

124

Figure 52: Boxplots of Online Self-Diagnostic Test Score Ranges and Quiz Five
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With point 24 removed, the Kurtosis values for quiz one, four and five are now in the -2
to +2 range. Quiz two and three however, now have Kurtosis values outside the -2 to +2 range
and will not be considered for the independent t-tests. Quizzes one, four, five, and six were used
to assess if there was a statistically significant difference in the online self-diagnostic test score
ranges across quiz scores. A Levene’s test for equality of variances was performed with the null
hypothesis H0: 12 = 22 and the alternative hypothesis H1: 12 ≠ 22. From the Levene’s test
results (Table 28) the p value is > 0.05; therefore, the null hypothesis was rejected. The sample
populations had equal variances even though it appeared an increasing trend of low to high
online self-diagnostic test score ranges corresponded with low to high quiz scores for quiz one
(Figure 53), five (Figure 54), and six (Figure 55). The lack of statistical significance could be
confirmed visually because the boxplots across the online self-diagnostic test score ranges
overlap (see Figures 53-55).

Table 28
Levene’s Test for Equality of Variances on Online Self-Diagnostic
Test Score Ranges 25-37 and 38-51
Levene Statistic

df

t

Sig. (p)

Quiz one

0.020

17

-0.535

0.888

Quiz four

0.005

14

-0.752

0.946

Quiz five

1.593

16

-0.310

0.225

Quiz Six

0.061

16

0.227

0.809
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Figure 53: Boxplots of Online Self-Diagnostic Test Score Ranges and
Quiz One with Outliers Removed
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Figure 54: Boxplots of Online Self-Diagnostic Test Score Ranges and
Quiz Five with Outliers Removed
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Figure 55: Boxplots of Online Self-Diagnostic Test Score Ranges and Quiz Six with Outliers
Removed
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Research Question 2a

The critical thinking levels of online chemistry students in this exploratory quasiexperimental study as determined by the CCRT and the online self-diagnostic test are low. Out
of a possible 25 points for the CCRT, the intervention participants averaged 5.94 and the
comparison participants averaged 6.33 at the beginning of the exploratory quasi-experimental
study. Both sample populations did improve their performance. The intervention participant’s
average score at the end of the study was 8.38 and the comparison participant’s average was
9.25. Even with the improvement however, the average ending score for the intervention course
was 33.5% of the total possible points and the average comparison course score was 37%.
Table 29 catalogs the data for the background and conceptual sections along with the
total scores for the online self-diagnostic test. Only these data are discussed as they passed the
normal population distribution assumption and equality of variances. Overall the comparison
course scored higher on all three data points though not significantly since the sample
populations do have equal variances. Even though the intervention and comparison courses
displayed a statistically significant difference for age and work hour obligations, the beginning
CCRT values and the online self-diagnostic test data demonstrated the intervention and
comparison course participants started the course with similar educational background and
conceptual understanding.
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Table 29
Online Self-Diagnostic Test Results
Course
Intervention

Test Section
Background
Conceptual
Total

Mean
14.7
5.96
34.24

Total Possible
25
12
64

Percentage
58.8
49.7
53.5

Comparison

Background
Conceptual

17.78
7.78

25
12

71.1
64.8

Total

36.28

64

56.7

Research Question 2b

The change scores on the CCRT from the beginning of the exploratory quasiexperimental study to the end of the exploratory quasi-experimental study were investigated in
research question 2b. Table 30 contains the descriptive statistics for the intervention and
comparison course CCRT change scores. The mean and standard deviation are not well separated
for either the intervention course or the comparison course. The Kurtosis value for the
comparison course is also outside the -2 to +2 range. The data was examined for outliers. The
intervention course contained one statistical outlier (point 17, see Figure 56) but the comparison
course had no statistical outliers. Since the comparison course did not meet population normality,
independent t-tests were not pursued.
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Table 30
Change Scores for the CCRT Descriptive Data
Course
Intervention
Comparison

N
13
5

Mean
2.62
1.20

Std. Dev.
3.84
2.59

Skewness
0.587
-0.363

Kurtosis
0.906
-2.1413

Research Question 2c

Research question 2c explored how the intervention and comparison course participants
progressed through the phases in the Practical Inquiry Model (PIM). The objectivity, reliability,
and replicability of the coding data from the topical discussions in the intervention course and
comparison course were required to be met before any patterns or results could be discussed.
Objectivity was met by using the CoI coding scheme and indicators. These schemes and
indicators have been tested over the last decade and proven to be robust and reliable (Akyol,
Arbaugh, et al., 2009; Akyol & Garrison, 2011a; De Leng et al., 2009; Garrison et al., 2001,
2010, 2006; Kanuka et al., 2007; McKlin et al., 2002; Meyer, 2003; Shea & Bidjerano, 2009a;
Wanstreet & Stein, 2011). Two coders were used to establish consistency in the coding and
improve reliability and replicability (Garrison et al., 2006; Pisutova-Gerber & Malovicova,
2009). The unit of analysis for coding was a dynamic thematic unit instead of a fixed unit (i.e.
sentence, single word, etc.) (Bernard & Lundgren-Cayrol, 2001; Henri, 1991; Rourke et al.,
2001). The author and a graduate student familiar with the CoI cognitive presence phases coded
the chemistry for good or evil topical discussion postings for both the intervention and
comparison courses separately. The two coders then discussed any discrepancies. From this
discussion, the
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Figure 56: Boxplots of CCRT Change Scores
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coders established an inter-rater reliability of 82% for the intervention course and 85% for the
comparison course. After achieving this inter-rater reliability, the author coded for cognitive
presence phases on the rest of the topical discussion transcripts for both courses and homework
discussion transcripts for the intervention course. Coding independently for cognitive presence
phases on the homework reasoning for the comparison course, the two coders established an
inter-rater reliability of 88%.
For the topical discussions, the total numbers of messages that participants posted were
208 for the intervention course and 63 for the comparison course. These totals are misleading
though since the comparison course had significantly less participants than the intervention
course. Table 31 lists these values.

Table 31
Cognitive Presence Data for Topical Discussions
Good or Evil

Energy

Bonding

Inter.

Comp.

Inter.

Comp.

Inter.

Comp.

% Triggering

2.6

3.0

0.9

0.0

2.9

0.0

% Exploration

55.6

38.3

56.0

66.7

55.9

27.8

% Integration

29.9

53.3

17.4

13.9

27.9

55.6

% Resolution

12.8

5.0

22.0

19.4

13.2

16.7

Total Cognitive

177

60

109

36

68

18

Total Postings

64

23

68

24

76

16

Active Participants

15

6

10

7

15

5

Cognitive/Participant

11.8

10.0

10.9

5.1

4.5

3.6

Postings/Participant
t

4.3

3.8

6.8

3.4

5.1

3.2
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The average number of posts was then calculated for each topical discussion so a better
comparison could be made. The average posts per participant for the comparison course stayed
relatively stable (3.8, 3.4, 3.2) over the span of the exploratory quasi-experimental study while
the intervention course showed an increase in the average posts (4.3, 6.8, 5.1). The average
number of cognitive presence indicators significantly decreased for both courses though over the
same time period. The intervention course went from 11.8 to 10.9 to 4.5 and the comparison
course from 10.0 to 5.1 to 3.6. While the average posts were steady, the amounts of cognitive
presence post were decreasing. This trend indicates participants were posting about the same
amount across the three topical discussions but less of the posts were actually dealing within the
cognitive phase and therefore less critical thinking was taking place. The percentage for each
category of cognitive presence shows the exploration phase was the most frequently coded
followed by the integration phase. So even when the participants were posting in the cognitive
presence phase, it was not very often that they were getting into the higher phases of integration
and resolution where critical thinking takes place. The triggering phase was the least present.
Recognizing the problem and a sense of puzzlement indicates the triggering phase. Since the
instructor provided the prompt for each discussion thread, the triggering phase was preempted.

Research Question 2d

For the intervention course homework discussions, several patterns can be discerned from
Table 30. These patterns will help answer research question 2d which investigated how the
intervention participants progressed through the PIM phases in the homework discussions. The

135
total percentages for each of the cognitive phase indicators are listed along with the total
cognitive units, total posts by all participants for each homework discussion, and finally the
averages of the cognitive units and total postings per participant. As with the topical discussions
the triggering phase is low in fact, for the homework discussions the trigging phase coding is
nonexistent. Since the participants were provided the question for each homework problem, it is
not surprising that the triggering phase is not evident. The exploration phase is the highest
percentage even more so than with the topical discussions. The participants performed a lot of
information exchange, brainstorming, and suggesting unsupported opinions during the
homework discussions. All of these processes fall under the exploration phase. Seldom did the
participants take the information accumulated during the discussion, synthesize it, and submit a
solution with a defense. The integration and resolution phases are associated with critical
thinking; therefore, the percentages from these two phases were summed and listed under critical
thinking in Table 32. The critical thinking postings for homework discussion one, three, four,
and five were in the 30% range while homework discussion two was at 47%, homework
discussion six at 55%, and homework discussion seven at 64%.
Is there a relationship between critical thinking and cognitive achievement in an online
chemistry course environment? To answer this question, correlation tests were performed using
the online self-diagnostic test conceptual section, the online self-diagnostic test total score, the
beginning CCRT, and the ending CCRT for the critical thinking component. Quizzes one, two,
three, five, six and the final grade were used for the cognitive achievement component. These
data were used since they passed the normality and equality of variance requirements.
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Table 32
Cognitive Presence Data for Homework Discussions in Intervention Course
H1

H2

H3

H4

H5

H6

H7

% Triggering
% Exploration
% Integration
% Resolution

0.0
66.0
21.0
13.0

0.0
53.3
9.5
37.1

0.0
69.0
8.5
22.5

0.0
65.8
2.7
31.5

0.0
61.4
10.0
28.6

0.0
45.0
20.0
35.0

0.0
35.6
1.7
62.7

Critical Thinking
Total Cognitive
Total Postings
Active Participants
Cognitive/Participant
Postings/Participant

33.0
100
104
16
6.25
6.5

46.7
105
109
16
6.56
6.81

31.0
71
69
16
4.44
4.31

34.2
73
81
14
5.21
5.79

38.6
70
107
14
5.00
7.64

55.0
40
81
14
2.86
5.79

64.4
59
82
15
3.93
5.47

Table 33 lists correlation data for quiz one and quiz two. Table 34 lists correlation data
for quiz three, and five. Finally Table 35 lists correlation data for quiz six and final grade. Three
significant correlations were found. The first significant correlation was between quiz one and
the OSDT conceptual score. The rsample value of 0.538 was greater than the rcritical value of 0.413
(N = 23) and the p value (0.008) was less than the alpha level of 0.05. This data showed a large
positive correlation. The r2 value 0.5382 = 0.29; therefore the percent variance (29%) in quiz one
was accounted for by the OSDT conceptual score. The second significant correlation was
between quiz three and the ending CCRT. The rsample value of 0.600 was greater than the rcritical
value of 0.482 (N = 17) and the p value (0.011) was less than the alpha level of 0.05. This data
showed a medium positive correlation. The r2 value 0.6002 = 0.36; therefore the percent variance
(36%) in quiz three was accounted for by the ending CCRT score. The third significant
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correlation was between final grade and the OSDT conceptual score. The rsample value of 0.480
was greater than the rcritical value of 0.444 (N = 20) and the p value (0.032) was less than the
alpha level of 0.05. This data showed a medium positive correlation. The r2 value 0.4802 = 0.23;
therefore the percent variance (23%) in final grade was accounted for by the OSDT conceptual
score.

Table 33
Correlation Data for Critical Thinking and Cognitive Achievement Quiz One and Two
Critical
Thinking
OSDT
Concept
OSDT Total
Begin CCRT
End CCRT

Pearson
Sig. (2-tailed)
Correlation
Pearson
Sig. (2-tailed)
Correlation
Pearson
Sig. (2-tailed)
Correlation
Pearson
Sig. (2-tailed)
Correlation

N

Quiz One

Quiz Two

23

0.538*
0.008*
0.275
0.204
0.157

0.157
0.475
-0.034
0.877
0.167

0.496
-0.188
0.470

0.469
0.118
0.652

23
21
17

Research Question 3

Research question three investigated if there was a relationship between collaboration
and critical thinking in an online chemistry course environment. The following data, which were
evaluated and passed for assumptions of normal population distribution and in some cases
equality of variances were used to answer this question: (1) SGCM data for homework
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discussion one, homework discussion two, and homework discussion three; (2) beginning CCRT
Table 34
Correlation Data for Critical Thinking and Cognitive Achievement Quiz Three and Five
Critical
Thinking
OSDT
Concept
OSDT Total
Begin CCRT
End CCRT

Quiz Three

Quiz Five

Pearson
Sig. (2-tailed)
Correlation
Pearson

0.212 (N=22)
0.344
0.131 (N=22)

0.284 (N=19)
0.239
0.208 (N=19)

Sig. (2-tailed)
Correlation
Pearson
Sig. (2-tailed)
Correlation
Pearson
Sig. (2-tailed)
Correlation

0.560
0.186 (N=21)
0.445
0.600* (N=17)
0.011*

0.393
0.177 (N=17)
0.497
0.253 (N=16)
0.344

Table 35
Correlation Data for Critical Thinking and Cognitive Achievement Quiz and Final Grade
Critical Thinking
OSDT Concept
OSDT Total
Begin CCRT
End CCRT

Quiz Six

Final Grade

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation

0.277 (N=19)
0.252
0.170 (N=19)
0.486
0.205 (N=17)
0.429
0.381(N=16)

0.480* (N=20)
0.032*
0.208 (N=20)
0.378
0.332 (N=18)
0.178
0.370 (N=17)

Sig. (2-tailed)

0.146

0.144

data; and (3) ending CCRT data. The CoI bi-weekly topical discussion data for each individual
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participant in the intervention and comparison course and CoI homework discussion data for
each individual participant in the intervention course were also used. Prior to using the individual
participant CoI data, a check for normal population distribution was needed.
Critical thinking is associated with the highest levels of cognitive presence (integration
and resolution). For this reason, the integration and resolution phase data were combined for
each participant and calculated as a percentage of the total cognitive presence indicators in each
groups topical or homework discussion. These percentages of critical thinking were then
evaluated for population distribution normality. The combined cognitive presence data for the
topical discussions in each course will be discussed first and then the homework discussion data
for the intervention course will be covered next.
The assumptions of normal population distribution for the intervention course topical
discussion CoI critical thinking data were valid (N = 15), but all three topical discussion CoI
critical thinking data failed for the comparison course (N = 5). See Table 36. The skewness and
Kurtosis values for the intervention course fell between the -2 to +2 range but the comparison
course Kurtosis values were outside this range. The mean and standard deviation for the
comparison course were not well separated especially for the bonding discussion; therefore, the
data were checked for outliers.
Two outliers were found in the bonding topical discussion for the intervention course
(Figure 57). The two outliers originated from participant C and E who only had one contribution
to the cognitive presence in the entire group’s bonding discussion. Participant C’s one
contribution occurred in the integration phase and participant E’s contribution was in the
resolution phase, because of this both these participants had a 100% for the CoI critical thinking.
These two points were removed from the data set and the assumption of normal population
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distribution were reexamined.
Table 36
Descriptive Statistics for Topical Discussion CoI Critical Thinking
Course
Intervention

Comparison

Topic
Good or Evil
Energy
Bonding
Good or Evil

Mean (%)
48.8
35.9
42.9
58.8

Std. Dev.
29.2
22.8
29.2
18.1

Skewness
0.253
-0.018
0.659
-0.188

Kurtosis
-0.569
-0.765
0.514
-2.271

Energy
Bonding

33.3
75.0

15.6
25.0

0.382
0.000

-2.898
-3.000
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Figure 57: Boxplot of Bonding Discussion CoI Critical Thinking Phases
Removing the two outliers improved the distance between the mean and the standard
deviation for the intervention course bonding discussion CoI critical thinking data. Skewness and
Kurtosis are still within the -2 to +2 range. See Table 37. This data will be the only data used for
research question three since the comparison course failed the assumption of normal population
distribution.

Table 37
Descriptive Statistics for Topical Discussion CoI Critical Thinking with Outliers Removed
Course

Topic

Mean

Std. Dev.

Skewness

Kurtosis

142
Intervention

Good or Evil
Energy
Bonding

48.8
35.9
34.1

29.2
22.8
19.2

0.253
-0.018
-0.643

-0.569
-0.765
-0.450

The CoI homework discussion critical thinking phase data were analyzed for normal
population distribution for homework discussions one through seven and also for the total of all
integration and resolution phases the participant contributed over the exploratory quasiexperimental study in all the homework discussions. The mean data listed in Table 38 is a
percentage of integration and resolution phases coded compared to total coded cognitive
presence phases. Skewness and Kurtosis values are within the -2 to +2 range for all homework
discussions. The distance between the mean and standard deviation are not well separated
though. In most cases the standard deviation is larger than the mean value. For this reason, the
homework discussion CoI critical thinking data were not used to answer question three.

Table 38
Descriptive Statistics for Homework Discussion CoI Critical Thinking
Homework
1
2
3&4
5
6
7
Total

Mean (%)
34.3
30.2
26.1
32.4
24.3
26.1
43.3

Std. Dev.
31.6
37.6
21.4
33.2
36.8
39.5
25.7

Skewness
0.664
0.985
0.549
0.686
1.153
1.137
0.101

Kurtosis
-0.420
-0.452
-0.715
-0.453
-0.258
-0.354
0.331

To determine if any relationship exists between collaboration and critical thinking, the
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SGCM indicators for homework discussion one, two, and three were used for the collaboration
portion and the beginning and ending CCRT were used for the critical thinking portion. Table 39
displays the results of the bivariate analysis performed for the beginning CCRT and the SGCM
indicators for homework discussion one. The null hypotheses stated: there was no correlation
between each of the SGCM indicators in the homework discussion one and the beginning CCRT.
The alternate hypotheses stated: there was a correlation between each of the SGCM indicators in
the homework discussion one and the beginning CCRT.
H0:  = 0 No correlation
H1:  ≠ 0 Correlation
The rcritical = 0.468 for the population of N = 16. Since the rsample was less than the rcritical the null
hypothesis cannot be rejected and the alternate hypothesis was rejected for all cases. There was
no correlation between homework discussion one SGCM indicators and the beginning CCRT.

Table 39
Pearson Correlation Data for SGCM Homework One and Beginning CCRT
SGCM
Quantity
Equality
Shareness
N = 16

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

Beginning CCRT
-0.296
0.266
0.151
0.576

Pearson Correlation
Sig. (2-tailed)

0.106
0.696
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The bivariate analysis was performed for the SGCM indicators for homework discussion
two and SGCM indicators for homework discussion three with the beginning CCRT. Table 40
displays the homework discussion two data and Table 41 displays the homework discussion
three data. Both sets of the data failed to reject the null hypothesis and no correlation was
established.
Table 42 displays the results of the bivariate analysis performed for the end CCRT and
the SGCM indicators for homework discussion one. The null hypotheses stated: there was no
correlation between each of the SGCM indicators in the homework discussion one and the end
CCRT. The alternate hypotheses stated: there was a correlation between each of the SGCM
indicators in the homework discussion one and the end CCRT.
H0:  = 0 No correlation
H1:  ≠ 0 Correlation
The rcritical = 0.514 for the population of N = 13. Since the rsample was less than the rcritical for the
SGCM equality and shareness for homework discussion one, the null hypothesis could
Table 40
Pearson Correlation Data for SGCM Homework Two and Beginning CCRT
SGCM
Quantity
Equality
Shareness

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

N
16
13
16

Beginning CCRT
-0.010
0.969
0.049
0.874
-0.013
0.961
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Table 41
Pearson Correlation Data for SGCM Homework Three and Beginning CCRT
SGCM
Quantity
Equality
Shareness

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation

Beginning CCRT
0.421
0.134
0.047
0.873
-0.512

Sig. (2-tailed)

0.061

N = 13

not be rejected and the alternate hypothesis was rejected for all cases. There was no correlation
between homework discussion one SGCM equality and the end CCRT, and homework
discussion one SGCM shareness and the end CCRT. The SGCM quantity indicator did exhibit a
correlation since the rsample was greater than the rcritical and the p value of 0.045 was less than the
alpha level of 0.05. This data showed a medium positive correlation. The r2 value 0.5632 = 0.32.
This value is the percent variance (32%) in end CCRT accounted for by homework discussion
one SGCM quantity.

Table 42
Pearson Correlation Data for SGCM Homework One and End CCRT
SGCM
Quantity
Equality

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

End CCRT
0.563*
0.045*
0.263
0.386
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Pearson Correlation
Sig. (2-tailed)

Shareness

-0.157
0.608

N = 13

Next a bivariate analysis was performed for the end CCRT and the SGCM indicators for
homework discussion two. The null hypotheses stated: there was no correlation between each of
the SGCM indicators in the homework discussion two and the end CCRT. The alternate
hypotheses stated: there was a correlation between each of the SGCM indicators in the
homework discussion two and the end CCRT.
H0:  = 0 No correlation
H1:  ≠ 0 Correlation
The rcritical = 0.514 for the population of N = 13. Since the rsample was less than the rcritical for all
the SGCM indicators for homework discussion two, the null hypothesis could not be rejected and
the alternate hypothesis was rejected for all cases. See Table 43. No correlation was found
between homework discussion two SGCM indicators and the end CCRT.

Table 43
Pearson Correlation Data for SGCM Homework Two and End CCRT
SGCM
Quantity
Equality
Shareness

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation

N
13
11
13

End CCRT
0.186
0.543
0.178
0.601
-0.169
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Sig. (2-tailed)

0.581

Finally a bivariate analysis was performed for the end CCRT and the SGCM indicators
for homework discussion three. The null hypotheses stated: there was no correlation between
each of the SGCM indicators in the homework discussion three and the end CCRT. The alternate
hypotheses stated: there was a correlation between each of the SGCM indicators in the
homework discussion three and the end CCRT.
H0:  = 0 No correlation
H1:  ≠ 0 Correlation
The rcritical = 0.553 for the population of N = 11. Since the rsample was less than the rcritical for the
SGCM quantity and equality for homework discussion three, the null hypothesis could not be
rejected and the alternate hypothesis was rejected (see Table 44). No correlation was exhibited
between homework discussion three SGCM equality and the end CCRT, and homework
discussion three SGCM shareness and the end CCRT. The SGCM shareness indicator did exhibit
a correlation since the rsample was greater than the rcritical and the p value of 0.009 was less than
the alpha level of 0.05. This data showed a large negative correlation. The r2 value 0.7402 = 0.55.
This value is the percent variance (55%) in end CCRT accounted for by homework discussion
three SGCM shareness. This negative correlation means less team work in the group led to better
scores on the end CCRT.

Table 44
Pearson Correlation Data for SGCM Homework Three and End CCRT
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SGCM
Quantity
Equality
Shareness

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

End CCRT
-0.084
0.806
0.512
0.107
-0.740*
0.009

N = 11

Summary

Chapter four examined the data collected during the exploratory quasi-experimental
study. The sample population for this study was small and did not meet power statistic
requirements. A statistically significant difference was found between the age of the participants
in the intervention course and comparison course. The participants were also questioned about
their work hours and this data also displayed a statistically significant difference between the two
courses. No statistically significant difference was found between the intervention course and
the comparison course for family obligations.
Research question one examined the relationship between collaboration and cognitive
achievement. Normal population distribution tests were run on all SGCM indicators for all
homework discussions in the intervention course. The only SGCM indicators to pass were the
SGCM quantity indicator for homework discussions one, two, three, and seven; SGCM equality
for homework discussions one, two, three, and six; and finally SGCM shareness for homework
discussions one, two and three. All quizzes and final grade scores met the normal population
distribution assumption once outliers were removed. The only correlation found between
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collaboration and cognitive achievement was a negative correlation between SGCM shareness
and quiz three. A negative correlation, meant the less the group members worked together the
better the participants scored on quiz three.
Research question one also studied the level of collaboration using SGCM indicators and
the level of cognitive achievement using quiz scores and the final grade score. Collaboration
varied greatly between groups and homework discussions. A general decreasing trend was noted
in the SGCM quantity indicator. For the level of cognitive achievement, the average quiz scores
ranged from 69% to 84% and the average final grade was 77%. From the evidence of the average
quiz scores and final grade, participants are attaining a basic understanding of the material but
are not mastering the concepts.
Research question two looked at the relationship between critical thinking and cognitive
achievement. Both the CCRT scores at the beginning of the exploratory quasi-experimental
study and the online self-diagnostic test background, conceptual knowledge, and total score
displayed no statistically significant difference between the intervention course and the
comparison course. Even though the intervention and comparison courses displayed a
statistically significant difference for age and work hour obligations, the beginning CCRT values
and the online self-diagnostic test background, conceptual knowledge, and total score
demonstrated the intervention and comparison course participants started the course with similar
educational backgrounds and conceptual understanding. Only one correlation was discovered
between critical thinking and cognitive achievement. The scores for the CCRT at the end of the
study positively correlated with quiz three scores.
Research question two also examined critical thinking levels of the two sample
populations under study using the CCRT and the CoI practical inquiry model indicators. The
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intervention group scored an average of 5.94 out of 25 on the CCRT at the beginning of the
study. The comparison did not fare much better with an average score of 6.33. Both groups did
improve and increased the scores at the end of the study to 8.38 for the intervention group and
9.25 for the comparison group. The intervention group’s average performance went from 24%
correct to 34% correct. The comparison group’s average performance went from 25% to 37%
correct. For the CoI coding indicators, both study groups were in the exploration phase during
the bi-weekly topical discussions. The second most common phase was the integration and in
only one incidence did the resolution phase get over 20% of the cognitive presence coded
postings and that was in the intervention group’s energy discussion. The homework discussions
for the intervention group displayed similar patterns for the exploration and integration phases.
The resolution phase did exceed 20% of the cognitive presence coding more often though with
homework discussion three through homework discussion seven having a greater than 20%
resolution phase codings. A general trend of decreased cognitive presence over the course of the
study was discovered for both the bi-weekly topical discussions and the intervention group
homework discussions. The average discussion postings per participant stayed relatively constant
over the exploratory quasi-experimental study but the average cognitive presence postings per
participant decreased over time.
Finally research question three examined the relationship between collaboration and
critical thinking. A positive correlation was found for homework discussion one SGCM quantity
and the end of the study CCRT scores. A negative correlation was found for homework
discussion three SGCM shareness and the end of the study CCRT scores.
Chapters one and two provided the background and justification for this study. Chapter
three outlined the methodology needed to answer the research questions. The research
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instruments and how they were used. Chapter four examined the data, normal population
distribution assumption, equality of variance assumption, and checked for and correlations on the
data that passed the required assumptions. Chapter five will present the results and conclusions
for this study and discuss any future work. The appendices contain information such as tables
and figures to aid in the support of this study.

CHAPTER 5
CONCLUSIONS AND FUTURE WORK

The aim of this exploratory quasi-experimental study was to examine collaboration and
its relationship to student’s critical thinking and cognitive achievement within the online
chemistry course environment. Since I came from a social constructivist viewpoint, the
assumption was collaboration would have some effect on critical thinking and cognitive
achievement. For this exploratory quasi-experimental study, limited statistically significant
findings were discovered with collaboration as the intervention. In this chapter, the findings of
the exploratory quasi-experimental study will be discussed first. Issues with group size,
collaboration, critical thinking and cognitive achievement will be examined next. Additionally,
recommendations are presented for further research in this area.

Findings of the Research Study

Very few statistically significant findings were revealed in this exploratory quasiexperimental study. Any findings discussed have to be interpreted with caution since statistical
power was not achieved due to small population size. Participant demographic data will be
discussed first; then a detailed discussion of collaboration, critical thinking and cognitive
achievement will follow.
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Since the comparison group was used to determine if the collaboration intervention had
any effect on critical thinking in the intervention group, the groups needed to have similar
educational and demographic backgrounds. The intervention group and the comparison group
were not statistically similar in all the demographic data collected. The intervention group was
younger and worked less hours than the comparison group. The two groups were similar in their
family responsibilities, the online self-diagnostic test (OSDT) background section scores,
conceptual thinking section scores, and the online self-diagnostic test overall score. Even though
there were some differences between the groups, their educational background, conceptual
thinking, and overall preparedness for the online chemistry courses were similar so a comparison
could be made between the two groups.

Collaboration

No correlation was found between the three SGCM indicators, quantity, equality, or
shareness. These findings were consistent with Jhang (2013), who found all three indicators
could be used independently to determine a group’s collaboration level. For example, a value of
100% for shareness may not be a indicator of good collaboration if the quantity index is low
and/or the equality index is high.
Homework discussion three small group collaboration model (SGCM) shareness
correlated with three different quantitative measurements. Quiz three, final grade and end CCRT
all had large negative correlations with homework discussion three SGCM shareness. Shareness
was the portion of communications that was shared with the whole group (Jahng, Nielson, &
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Chan, 2010). The negative correlation means the less sharing within the group; the better the
study participants performed on quiz three, final grade or end CCRT.
The homework assignment three chemical concepts included chemical compounds and
chemical composition. A sizeable portion of the homework assignment was writing out chemical
formulas, chemical names, and calculating molar mass. The participants either quickly mastered
or struggled throughout the semester with these rudimentary concepts. In several cases, the
participants who understood the material, spent most of the homework discussion three assisting
one other individual participant with mastering the information. Most of the communication was
addressed to the individual participant struggling with the material. This one to one
communication significantly decreased the SGCM shareness value. Vaughan and Garrison
(2006) stressed the importance of group communication to establish a sense of community. Even
though this one to one communication can be detrimental for the sense of community in the
group, it can be beneficial to the participants involved in the one to one communication. For
example, participant M communicated exclusively with participant K over chemical naming
conventions.
Participant M: “Participant K, the answers to number 2 are –ous and –ic respectively.
Your –ate and –ite endings are actually used to denote oxyanions, and not two metal
cations with differing charges …”
Participant M: “Participant K, … Notice also that the formulas you gave to justify the
incorrect name would never form. The charges of the ions must cancel out (see page 138
of our textbook).
Participant M: “Participant K, your compounds listed for #6 also wouldn't form for the
same reason. Never leave a charge unbalanced if you want a stable compound to form.”
Participant K: “OK I looked and my answers and I understand why they were wrong. I
really did struggle with some of the concept in this homework but your explanations
really helped thanks!”
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Maybe these one to one interactions helped the participants who were explaining the chemical
concepts and the participants receiving the instruction perform better on the quiz three materials
and thus also score better on the final grade and end CCRT.
This could also be true for the other statistically significant finding from the SGCM
indices that the SGCM homework discussion one quantity displayed a medium positive
correlation with the end CCRT. Homework assignment one questions pertained to measurement,
scientific method and problem solving. These basic concepts must be mastered before a student
can successfully understand more complex chemical concepts. The increased quantity of
discussions for homework assignment one indicates participants who were struggling with the
material were asking questions and seeking assistance and participants who mastered the
concepts early on were explaining the material to their peers. Numerous studies have found
students who took responsibility for discussions, diagnosed any misconceptions and summarized
salient points improved their course performance and course achievement (Geyer, 2014; Hooker,
2011; Quitadamo, Brahler, & Crouch, 2009; Zha & Ottendorfer, 2011).
The SGCM quantity index did decrease over the exploratory quasi-experimental study
timeframe. Overall participants were communicating less over the course of the study.
Participants may have felt overwhelmed or isolated from their group, which caused them to
participate less (An, Kim, & Kim, 2008). Another explanation may be participants were using
other communication tools outside the learning management system (LMS) like phone texts,
video chats, or face-to-face meetings (An et al., 2008). The difference between the high and low
quantity data for each homework discussion also increased during the exploratory quasiexperimental study. Some groups were communicating more over the course of the study while
other groups were communicating less. The decrease in communication within some groups is an
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indication these groups were having problems and may have needed instructor intervention
(Jahng, 2013; Jahng et al., 2010). Because of the short discussion window for each homework
assignment and the attrition of participants over the exploratory quasi-experimental study period,
minimal instructor intervention was recorded and participants were not placed in the same group
consistently. Past research has indicated students who formed connections with online classmates
and felt part of a community had higher cognitive presence (De Leng, Dolmans, Jobsis,
Muitjens, & Van Der Vleuten, 2009; Hosler & Arend, 2012; Shea & Bidjerano, 2009a). Due to
significant participant attrition during the study, participants were moved from group to group in
an attempt to keep group numbers above two. The mixing of group members and the lack of
consistent group makeup may have affected the participants’ comfort level and thus affected the
willingness of participants to communicate freely and frequently (Cheung, Hew, & Ling Ng,
2008).
One finding that does confirm past research outcomes was the lack of correlation
between the SGCM indicators quantity, equality, and shareness. Jahng (2013) discovered the
indices were independent of each other. A large SGCM quantity for a group does not mean that
group has good collaboration. The same goes for equality and shareness. A low value for
equality or a high value for shareness does not mean the group is communicating well. All three
indices must be considered together when assessing a group’s collaboration.

Critical Thinking

This exploratory quasi-experimental study confirmed low critical thinking skills as
students enter higher education with past research (Ip, Lee, Chau, Wootton, & Chang, 2000;
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Stephenson & Sadler-McKnight, 2016; Suliman & Halabi, 2007). Participants from both the
intervention and comparison groups entered the course with weak critical thinking skills as can
be seen from the CCRT. The intervention group only answered 24% correctly while the
comparison group only answered 25% correctly.
Based on the CCRT scores at the end of the exploratory quasi-experimental study a small
increase in critical thinking skills was established. Though not statistically significant, the
intervention group improved their performance by 10% and the comparison group improved by
12%. The small increase in both the intervention group and comparison group could be tied to
cognitive achievement and its association with critical thinking as these two elements are closely
connected (Gupta, Burke, Mehta, & Greenbow, 2015; King, Wood, & Mines, 1990; Solon, 2007;
Stephenson & Sadler-McKnight, 2016).
In the bi-weekly topical discussions, the intervention group had a higher number of posts
per participant than the comparison group. The comparison group averaged approximately 3.5
posts per participant for all three bi-weekly topical discussions while the intervention group
started at 4.3 posts per participant for the first bi-weekly discussion. For the next topical
discussion, the intervention group averaged 6.8 posts per participant and for the last topical
discussion the intervention group had 5.1 posts per participant. The intervention participants may
have posted more than the comparison group because they felt more comfortable with their
classmates and felt they were part of a community (De Leng et al., 2009; Garrison, 2003; Hosler
& Arend, 2012; Shea & Bidjerano, 2009a).
The Community of Inquiry cognitive presence discussion postings displayed a decline
overtime in both the intervention and comparison group’s bi-weekly topical discussions and the
intervention group’s homework discussions. The decline may be due to time constraints and/or
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lack of contentious material to stimulate discussions (Akyol & Garrison, 2011b; Akyol,
Garrison, & Ozden, 2009; Darabi, Arrastia, Nelson, Cornille, & Liang, 2011; Garrison &
Cleveland-Innes, 2005; Staley & Ice, 2009). In order to achieve critical thinking in the cognitive
presence phases the students needed to be posting discussions in the integration and resolution
phases. Time constraints may have inhibited participants from reaching the final two phases
because the participants needed more time to connect and synthesize ideas (Akyol, Arbaugh, et
al., 2009; Akyol & Garrison, 2008; Richardson & Ice, 2010).
The lack of critical thinking was also observed in the bi-weekly topical discussions for
both the intervention group and comparison group. The greatest expression displayed was the
exploration phase of the practical inquiry model. Past studies have found student
communications mainly occurred in the triggering and exploration phases (Angelaina &
Jimoyiannis, 2012; De Leng et al., 2009; Garrison, 2007; Garrison, Anderson, & Archer, 2001;
Kanuka, Rourke, & Laflamme, 2007; McKlin, Harmon, Evans, & Jones, 2002; Rourke &
Kanuka, 2007; Vaughan & Garrison, 2005; Wanstreet & Stein, 2011). The topical discussion
forum questions may not have been structured in a way to elicit integration and resolution from
the participants. For example the topic on whether chemistry was good or evil should have had
the participants take a stance on the subject instead of having the participants discuss both sides.
By taking a stand for good or evil, the participants would have had to defend their position and
more debate may have ensued thus driving the participants into the integration and resolution
phases (Akyol, Arbaugh, et al., 2009; Akyol & Garrison, 2011b; Darabi et al., 2011; Garrison &
Cleveland-Innes, 2005; Richardson & Ice, 2010; Staley & Ice, 2009).
In the intervention group’s homework discussions, critical thinking was not achieved in a
majority of the discussions. Approximately 30% of homework discussions one, three, four, and
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five were in the critical thinking phases (integration and resolution). In homework discussions
two, six, and seven, participants spent more time in the integration and resolution phases. 47% of
the discussion codes for homework assignment two were in the integration and resolution phases.
Homework six was even greater at 55% and in homework discussion seven participants spent
64% of the posts in the integration and resolution phases. Homework assignment two was
comprised of questions pertaining to exothermic and endothermic reactions, physical and
chemical properties and changes. Homework assignment six dealt with intermolecular forces and
colligative properties, and homework assignment seven contained material on pH, molarity, and
solutions. These three homework assignments contained questions that were more theoretical or
conceptual in nature. Instead of questions that required only calculations, these conceptual
questions involved more justification and rationalization and not just one solution was correct.
Past research has found students who challenge each other, correct any misconceptions and
summarize salient points improve their critical thinking skills (Geyer, 2014; Hooker, 2011;
Lewis & Lewis, 2008; Quitadamo et al., 2009; Tien, Roth, & Kampmeier, 2002; Vasquez et al.,
2012; Zha & Ottendorfer, 2011)

Cognitive Achievement

Quiz three and end CCRT exhibited a medium positive correlation. Quiz three was
comprised of material from homework assignment three and homework assignment four.
Homework assignment three contained information on writing out chemical formulas, chemical
names, and calculating molar mass. Homework assignment four dealt with balancing chemical
equations, types of chemical reactions and stoichiometry, which is the numerical relationships
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among chemical quantities in a balanced chemical equation (Tro, 2015, p. G9). Approximately a
quarter of the questions (6 out of 25) on the CCRT were comprised of material covered in
homework assignment three and homework assignment four. Since the intervention group
improved their performance by only 10% and the comparison group improved only by 12% on
the CCRT, and a quarter of the questions are from chapter three and four of the course text, the
correlation between quiz three and the CCRT may be due to participants starting to understand
and master this material.
Both quiz one and the final grade had a statistically significant large and medium positive
correlation respectively with the online self-diagnostic test conceptual section score. Quiz one
was comprised of information pertaining to measurement, unit conversions, and numerical
problem solving which are basic skills. The conceptual section of the online self-diagnostic test
assessed students on “lower-order cognitive skills” (Kennepohl, Guay, & Thomas, 2010, p.
1275); therefore the correlation between quiz one and the conceptual section scores could be due
to similar assessments on cognitive skills. The final grade data for this exploratory quasiexperimental study was comprised of quiz and laboratory scores that were the same for both the
intervention course and the comparison course. The laboratory scores contributed approximately
30% to the final grade. Past research had found a large correlation between the conceptual
section of the online self-diagnostic test and the laboratory scores of students (Kennepohl, et al.,
2010). In this exploratory quasi-experimental study, a medium positive correlation was
discovered with the final grade. The correlation may have been weakened since the final grade
contained both quiz scores and laboratory scores.
The online self-diagnostic test score ranges and the final grade had a small positive
correlation. Since the online self-diagnostic test was created to predict student performance in
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online introductory chemistry course, this positive correlation confirms Kennepohl, et al., (2010)
findings. In the Kennepohl et al., study, a strong positive correlation was found between the
online self-diagnostic test total score and the final grade. Sample size may be a contributing
factor in this exploratory quasi-experimental study not finding a stronger correlation. Kennepohl
et al., collected data over two years just to get 50 valid online self-diagnostic test scores and
multiple course grades including a final grade. The Kennepohl et al., study did not state the
performance levels of the students on the online self-diagnostic test sections or the total score.
The scores for the participants in this exploratory quasi-experimental study for the online selfdiagnostic test were low (53% - 57%). Based on this performance and according to the score
ranges established by Kennepohl et al., these students would most likely only pass the course if
they applied themselves diligently.
With the online self-diagnostic test, Kennepohl et al., (2010) established ranges to aid
students in determining their preparedness for an online chemistry course. During the course of
the exploratory quasi-experimental study, two participants each from the intervention course and
comparison course stopped participating and completing assignments. Three of the four of these
participants scored in the lowest two ranges for the online self-diagnostic test. According to
Kennepohl et al., students who scored 16-24 were borderline and should consider “heavy
revision or upgrading” (p. 1275) and student who scored below 15 “were not prepared – suggest
upgrading high school chemistry before attempting CHEM 217” (p. 1275). While the reason(s)
for these participants no longer participating in the online chemistry courses is unknown, the
participants who did complete the course scored in the two middle ranges “25-37 Will pass
course but need hard work to achieve higher grades” and “38-51 Prepared for course and will do
well with consistent work” (p. 1275). From this exploratory quasi-experimental study it appears
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the ranges established by Kennepohl et al., are valid at predicting students’ performance in an
online chemistry course.

Limitations

In this section, issues with group size, collaboration, and critical thinking will be
examined. The negative and positive aspects of three to four members in a group will be
discussed. Then possible reasons for how collaboration may have affected critical thinking will
be covered. Finally, issues with critical thinking instrumentation will be covered.
The small sample population did greatly affect the results and conclusions that can be
drawn from this exploratory quasi-experimental study. The G*Power 3.1 calculator advised 55
participants were required in each course to achieve statistical power ( = 0.05, 1- = 0.8) (Faul,
Erdfelder, Lang, & Buchner, 2007). The sample population for the intervention course was 16
active participants and only five active participants in the comparison class. Due to these small
numbers none of the findings could be generalized to the overall population. Another
consequence of the small participant numbers was the homework discussion groups for the
intervention course were to be set at five members with two group leaders. With the initial
significant drop off in participants in the intervention course the groups were set at three to four
members with one group leader (Marasigan & Espinosa, 2014; Smith & Dirkx, 2007). With three
to four members in each group, data were collected from five groups in each homework
discussion forum.
The participant attrition early on in the study may have been due to the use of the online
self-diagnostic test. Attrition in the study’s online chemistry courses appeared to be higher than
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in the past. The early attrition may have been from students who took the online self-diagnostic
test and did not score well. The low score on the online self-diagnostic test may have been the
catalyst to students dropping the online course.
An active group member was defined as a participant who posted at least two times in the
homework discussion forum. In most cases (six of the seven homework discussion forums) the
majority of the groups had three or more active members. Unfortunately, homework discussions
two and four had at least one group with only one active member and homework discussion six
had two groups with only one active member. The homework discussion two non-functioning
group contained one member who was a late start student and was still acclimating to the online
environment, another member of the group stopped participating in the course and the other
inactive member experienced technical difficulties during the discussion time frame and could
not access the forum. The homework discussion four non-collaborative group contained one
participant who only posted her homework and another participant who was having technical
difficulties. Finally, the two groups in the homework discussion six who only had one active
member contained three participants who only posted their homework and the fourth participant
who had stopped participating in the course.
The small group size was beneficial to the groups that had at least three members
contributing to the discussion. A contributing member posted an individual homework
assignment and responded at least two times to two other participant postings. One example was
group two in the homework discussion two thread, which was comprised of three active
members. They generated one of the largest word quantity totals for any of the homework
discussions. Below are some of the examples of interactions between participants in this group.
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Participant R: Thanks for takeing the time to explain more in depth. …though C was
confusing to me I see why that is now.
Participant M: You’re welcome! And you weren’t really wrong when you assumed …
Participant R: Thanks for clearing that up. I dont know what I was thinking …
Participant B: Yeah sorry, now I see why you’re right. Thanks for clarifying!
Over the course of the exploratory quasi-experimental study, the general trend for the SGCM
quantity decreased.
Homework discussions one, two, four, and six averaged approximately 600 words per
participant. Homework discussions three, five, and seven averaged between 370 to 470 words
per participant. The average words for homework discussion six was misleading however. One
group in that discussion forum generated 3734 words out of the 4770 words submitted. This
prolific group contained two of the most loquacious participants in the discussion forums. This
group produced 1244 words per participant while the rest of the groups only produced 207 words
per participant; therefore, homework discussion six could be considered on the low end of the
SGCM quantity if the one prolific group was removed which it was considered an outlier in the
data analysis. Homework discussion three averaged only 396 words per participant. The low
average for this discussion was most likely due to the material covered in that particular
homework assignment. The concepts for homework assignment three were chemical compounds
and chemical composition. A sizeable portion of the homework assignment was writing out
chemical formulas, chemical names, and calculating molar mass. Participants in introductory
chemistry courses have not had a lot of exposure to chemical nomenclature and may not feel
comfortable contributing solutions to the homework discussion three forum. An individual’s
familiarity with the subject matter can influence his/her willingness to contribute to an online
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discussion (Cheung et al., 2008; Hewitt, 2005). Alternatively, compared to other material
discussed in the course, chemical formulas and chemical names are rudimentary information that
can be accessed easily via the internet or course textbook. Past research has shown students need
to be pushed into connecting and synthesizing concepts to achieve higher order thinking (Akyol
& Garrison, 2008). These types of problems did not generate a lot of discussion because the
participants in the groups either matched all their answers or simple explanations were given to
correct misinformation or miscalculations. See examples of these student-student interactions
below:
Participant Q: For question #9: Participant B, the difference in exponent is because of
difference in placing of decimal point.
Participant Q: For question #10: Participant B your answers match with mine and
Participant J.
Participant O: Question 10: For this answer the book said tha hydrogen carbonate and
bicarbonate were interchangeable words so I guess wither or is correct.
Participant O: For Question 9, I took the grams, determined the mole count and then
multiplied by Avogadro’s number to determine the number of atoms.
One possible positive outcome from this study may be the retention of participants in the
intervention course as compared to the comparison course. The intervention course ended the
exploratory quasi-experimental study with 55% (16/29) active participants of the total beginning
enrollment while the comparison ended with 45% (5/11). This finding cannot be considered
generalizable since the sample population was so low and statistical power was very weak. Also,
the contributing factor to the increased retention in the intervention course cannot be determined.
Past research has found peer facilitation of online asynchronous discourse and collaboration
improves retention and attendance (Barnard, Paton, & Rose, 2007; Quitadamo et al., 2009; Tien
et al., 2002). Was the increased retention in the intervention group caused by increased student-
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student interactions in the intervention course or just the larger number of participants in that
specific exploratory quasi-experimental study group?

Implications

The limited findings from this exploratory quasi-experimental study added to the
educational technology knowledge base since very few studies have investigated the chemistry
discipline in the online environment. The scope of the Community of Inquiry framework was
also broadened since most research had taken place in the educational or business disciplines.
This study additionally added to the validation of the two instruments specific to chemistry, the
CCRT and the OSDT.
The attrition of participants greatly affected the study. Established groups in the
intervention course had to be mixed several times in order to make sure enough participants were
in each group. This mixing could have caused participants to become uncomfortable in the
online discussion environment and not get involved in critical discourse. If this type of attrition
would arise in the future, the groups need to be kept intact as much as possible in order to
preserve participants comfort level.
The shortened course time of eight weeks also may have played a role in decreased
communication and critical discourse in the discussion forums. The discussions for homework
assignments in the intervention course were only four days, which did not allow for a lot of
student-student exchanges or student-instructor exchanges. Timely instructor intervention in the
discussions might have led to more practical inquiry model cognitive presence phases and
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increased critical thinking. A longer timeframe for discussion may improve the amount and
quality of the discussion forum postings.

Future Research

The continued study of critical thinking in an online chemistry setting might contribute to
the educational technology knowledge base in several capacities. In order for this to happen,
though, future studies would need to extend over multiple semesters. In order to achieve the 55
participants set by the G*Power 3.1 calculator, data would need to be collected over at least four
semesters. To facilitate data collection, the fall and spring semesters of each year should be used
since the course length was the same. Summer sessions could not be used for comparison
purposes since Gulacar, Damkaci, and Bowman (2013) found significant differences between
courses with different time frames. By using the fall and springs semesters, the group topical
discussions could be expanded from bi-weekly to monthly and the homework discussions
expanded from one week to two weeks thus allowing for more time to develop critical thinking
(Akyol, Arbaugh, et al., 2009; De Leng et al., 2009; Kanuka et al., 2007; Meyer, 2003;
Richardson & Ice, 2010; Schellens, Van Keer, De Wever, & Valcke, 2009; Wanstreet & Stein,
2011). The additional data points and statistical power would allow a more thorough
investigation of the causal relationship between cognitive presence and collaborative online
discussions and how this relationship affects critical thinking and academic achievement (Akyol
& Garrison, 2011b; Benbunan-Fich & Hiltz, 2003; Garrison & Cleveland-Innes, 2005; Zha &
Ottendorfer, 2011).
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Group dynamics might also be improved with a longer timeframe. With the homework
discussions spanning two weeks, groups with only one active member could be merged together
so the active participants would have more opportunities to discuss homework solutions. By
collecting data over several semesters, larger groups (five to six) and therefore smaller number of
groups per semester could be used. The result of larger groups may be better group dynamics and
more collaboration since the likelihood of having a group with only one active member would be
very small.
Lack of critical thinking in the discussion forums might be due to participants’ comfort
level with their group environment or with the course material. For future studies, the discussion
groups should be kept intact and unchanged as much as possible in order to determine if comfort
level was primarily responsible for increased critical thinking. By maintaining the makeup of the
group, participants can become more comfortable with their group members, develop a better
sense of community and feel safe to express their opinions and conceptual knowledge (De Leng
et al., 2009; Garrison, 2003; Hosler & Arend, 2012; Shea & Bidjerano, 2009a).
Besides assessing critical thinking in the integration and resolution phases in discussion
forums, this exploratory quasi-experimental study used the CCRT. For future studies, it would be
interesting to have the participants retake the conceptual, critical thinking, math, and problem
solving sections of the online self-diagnostic test (Kennepohl et al., 2010) to determine if any
improvement in performance occurred. Since the CCRT scores were so low for this exploratory
quasi-experimental study, using the online self-diagnostic test might help reinforce findings from
the CCRT. These tests would assess critical thinking outside the discussion forums which several
researchers have recommend (Akyol & Garrison, 2008; Arbaugh, 2007; Archer, 2010;
Richardson & Ice, 2010; Shea & Bidjerano, 2009b; Vaughan & Garrison, 2005).

169
To evaluate the Community of Inquiry framework and its application in a pure discipline
course (Arbaugh, 2007; Benbunan-Fich & Hiltz, 2003; Garrison, Anderson, & Archer, 2010;
Schellens et al., 2009; Zydney, DeNoyelles, & Kyeong-Ju, 2012), the homework assignments
and discussion forums need to be reworked. The homework assignments need to contain more
conceptual and theoretical questions that will drive the participants into the integration and
resolution phases of the practical inquiry model. The topical discussions need to include a
problem or situation that can be heavily debated and require the participants to reach a solution.
Critical thinking and collaboration are important skills for students to develop. Continued
research in these areas are vital to understanding how critical thinking progresses, how it can be
assessed, and what factors in the classroom be it virtual or face-to-face have the greatest effect
on critical thinking. By gaining a better understanding of collaboration and the effect on critical
thinking and cognitive achievement, course designers and instructors may be better informed and
may develop enhanced collaborative online activities to improve students’ critical thinking skills.
With these enhanced critical thinking skills, students may become better citizens, consumers, and
leaders.
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APPENDIX A

ONLINE SELF-DIAGNOSTIC TEST
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The following self-test is designed as a diagnostic to predict your success in a college chemistry
course. It will assess your science background as well as your grasp of some conceptual basics in
chemistry. It will also test some of your skills in critical thinking, problem solving, and
mathematics.
The test takes approximately 30 minutes to complete and requires the use of a simple scientific
calculator. Try to answer the questions as truthfully as possible to determine your preparedness
for a college chemistry course.
BACKGROUND SECTION
1. Have you taken courses through distance education before?
A. Yes
B. No
Under each category (chemistry, physics, biology, mathematics) indicate the highest level of
course successfully completed and the approximate grade received.
Chemistry
A. No background
B. Junior High School course
C. Senior High School course
D. University-level course
A.
B.
C.
D.

90–100%
80–89%
70–79%
50–69%

Physics
A. No background
B. Junior High School course
C. Senior High School course
D. University-level course
A.
B.
C.
D.

90–100%
80–89%
70–79%
50–69%

Biology
A. No background
B. Junior High School course
C. Senior High School course
D. University-level course
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A.
B.
C.
D.

90–100%
80–89%
70–79%
50–69%

Mathematics
A. No background
B. Junior High School course
C. Senior High School course
D. University-level course
A.
B.
C.
D.

90–100%
80–89%
70–79%
50–69%

CONCEPTUAL BASICS SECTION
A balloon filled with air will get larger if:
A. atmospheric pressure decreases
B. temperature inside the balloon decreases
C. atmospheric pressure increases
D. it is opened to the atmosphere
Identify each of the following as a physical (P) or chemical (C) change.
A. ice cube melting
(P) (C)
B. paper burning
(P) (C)
C. head (foam) forming when pouring beer into a glass
(P) (C)
D. hard-boiling an egg
(P) (C)
Magnesium burns brightly in air.
2Mg(s) + O2(g)
2MgO(s)
In the representative chemical equation shown, the magnesium metal is:
A. a product
B. unchanged in oxidation state
C. reduced
D. oxidized
What is the oxidation number of the copper atom in Cu2O(s)?
A. Cu(0)
B. Cu(I)
C. Cu(II)
D. cannot be determined from the information given
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Identify each of the household chemicals below as an acid (A) or base (B) or neutral (N).
A. vinegar
B. (A) (B) (N)
C. drain cleaner
D. (A) (B) (N)
E. gasoline
F. (A) (B) (N)
G. orange juice
H. (A) (B) (N)
How many atoms are in the formula Pb3(PO4)2?
A. 2
B. 5
C. 14
D. 13
How many ions are in the formula Pb3(PO4)2?
A. 2
B. 5
C. 14
D. 13
According to atomic theory, which particles are found in the nucleus of an atom?
A. isotopes and protons
B. electrons and neutrons
C. neutrons, protons, and isotopes
D. protons and neutrons
Which of the following chemical equations best describes the combustion of methane?
A. CH4 + heat
C + 2H2
B. CH4 + O2
C + 2H2O
C. CH4 + 2O2
CO2 + 2H2O
D. CH4 + O2
HOCH2OH
Considering the reaction profile below (where R = reactants and P = products), the
activation energy is larger when the reaction proceeds in which direction?
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A. forward (R
P)
B. reverse (P
R)
C. they are equal
A solution with pH = 5 is more acidic than a solution with a pH = 6.
A. True
B. False
What is the appropriate first-aid treatment for a chemical burn caused by spilling
concentrated H2SO4 acid on skin?
A. spread butter on the burn
B. wash with lots of water
C. ice the burn immediately
D. seek medical attention
CRITICAL THINKING SKILLS SECTION
A sealed vessel initially contains 100 g of chlorine gas and 90 g of hydrogen gas. The two
gases undergo reaction to form HCl. Which of the following statements is true?
A. 100 g of HCl is produced
B. 190 g of HCl is produced
C. less than 90 g of HCl is produced
D. between 100 and 190 g of HCl is produced
Dissolving NaOH(s) in water is exothermic. Two calorimetry experiments are set up.
Experiment 1: 2 g of NaOH are dissolved in 100 mL of water Experiment 2: 4 g of NaOH
are dissolved in 200 mL of water Which of the following statements is true?
A. both temperature changes will be the same
B. the second temperature change will be approximately twice the first
C. the second temperature change will be approximately four times the first
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D. the second temperature change will be approximately one-half of the first
E. the second temperature change will be approximately one-fourth of the first
The half-life of 238U is 4.5 × 109 years; that of 235U is 7.1 × 108 years. If at the moment of the
birth of the universe there were equal amounts of 238U and 235U , which is now in excess?
A. 235U
B. 238U
C. still equal amounts
Metals posses varying reduction potentials. Iron can reduce Cu2+(aq) to copper metal.
Silver can reduce Au+(aq) to gold metal. Sodium can reduce Fe3+(aq) to iron metal and
copper can reduce Ag+(aq) to silver metal. Which of the following statements is true?
A. copper can reduce Na+(aq) to sodium metal
B. iron can reduce Au+(aq) to gold metal
C. silver can reduce Fe3+(aq) to iron
D. none of the above statements is true
MATHEMATICAL SKILLS SECTION
Without using your calculator (be honest) answer to the following:
44 - 11 × 3 + 4 ÷ 2 = ____
A. 101
B. -22
C. 13
D. 51.5
Consider the equation shown and indicate which of the following equations represents the
same relationship between B, x, T, and a.
x = T(a - B)
A. B = x/T - a
B. B = a - x/T
C. x - T = (a - B)
D. B = (x - a)/T
Express the number 0.01230 in scientific notation.
A. 123 × 104
B. 1.230 × 10-2
C. 1.23 × 10-4
D.
1.23 × 10-2
The number 12.450 suggests accuracy to how many significant figures?
A. 3
B. 4
C. 2
D. 5
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Consider the straight line shown on the graph below. Which of the following equations best
expresses the graph shown?

A.
B.
C.
D.

y = mx + b
y = -mx + b
y = -mx - b
y = mx – b

Express 0.0125 out of 1.0 as a percent value.
A. 125%
B. 1.25%
C. 12.5%
D. 0.125%
Using a calculator, determine the value for: -log(62).
A. 1.79
B. -4.13
C. -1.79
D. -6.2
PROBLEM SOLVING SKILLS SECTION
A movie theater charges $6 for a ticket to a matinee and $10 for a ticket to an evening
show. Last week on Tuesday a total of 130 tickets were sold, with the total income
amounting to $1120. How many tickets to a matinee were sold?
A. 45
B. 30
C. 85
D. 50
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A compound has a density of 8.0 g/mL. Which jar is the minimum size best suited to
transport 100 g of this compound?
A. 100 mL
B. 20 mL
C. 80 mL
D. 8 mL
You have 100 mL of solution with a concentration of 1.50 mol/L. You pipette 10 mL of
this solution to a 50 mL volumetric flask and top up the rest with water to the 50 mL
mark. What is the concentration of the diluted solution in the 50 mL volumetric flask?
A. 0.30 mol/L
B. 0.15 mol/L
C. 1.50 mol/L
D. 0.75 mol/L
There are four containers: a 100-mL beaker, 250-mL Erlenmeyer flask, a 500-mL
beaker, and a 1-L Florence flask. They contain orange juice, apple juice, vodka (50%
ethanol in water), and milk, although not in that order. Use the following hints to help
you identify the beverage in each container.
• Hints:
• The 500-mL container has a beverage commonly associated with breakfast.
• The largest container has a colorless liquid (i.e. neither yellow nor orange).
• The beverage in the smallest container is opaque. (You cannot see through it).
• One clear liquid is in a container half the volume of a colored liquid.
• The only combustible liquid has exactly twice the volume of an opaque liquid.
Container
Beverage
100-mL beaker
orange juice apple juice vodka milk
250-mL Erlenmeyer flask
orange juice apple juice vodka milk
500-mL beaker
orange juice apple juice vodka milk
1-L Florence flask
orange juice apple juice vodka milk

This completes the self-test. In an effort to improve the reliability of the quiz in predicting
student success in chemistry we ask that you consider identifying yourself below by student
number. When you complete the chemistry course we will compare your performance
against your quiz scores. The information given will be kept confidential and your student
number will not be used in any documentation. The collective information will be used to
identify aggregated trends of student incoming skills with eventual performance in the
course. The results may also be published.
Note: by taking this quiz and registering your student number you are not obligated
to take a chemistry course at Oakton. Neither are you obligated to participate in the
study and you may withdraw from the study at any time by contacting the course
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professor.

Background Score 0/25
Conceptual Basic Skills Score 0/12
Critical Thinking Skills Score 0/4
Mathematical Skills Score 0/14
Problem Solving Skills Score 0/8
Total Score 0/63

Please keep in mind that your score will only give you a rough idea of your preparedness to
take a college chemistry course. Your performance in the course is very much dependent
on your attitude and the amount of dedicated study during the course.
Printed and adapted with permission from Dr. Dietmar Kennepohl (Kennepohl et al., 2010)
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Chemistry Concept Reasoning Test A
Hutchinson and Cloonan

Rice University
2010

1. In the pictures above, solid circles represent atoms of element X. Hollow
circles represent atoms of element Y. Molecules are represented by adjoining
circles; for example, Y2 is oo. Which equation best describes the reaction shown
below?

a. X + 3Y  XY3
b. X2 + 3Y2  2XY3
c. X2 + Y2  XY3
d. 4X2 + 12Y2  8XY3
e. The correct equation is not given.

2.
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3. Amadeo was studying the formation of water. He weighed 10 liters of oxygen; it weighed
10 grams. After reacting the oxygen with an unlimited supply of hydrogen, he was surprised
to find that 10 liters of water vapor at the same temperature and pressure as the pure oxygen
weighed only 5.6 grams. How could water contain oxygen but weigh less than oxygen?
a. Some fraction of the oxygen did not react, because hydrogen was the limiting reagent.
The unreacted portion was not weighed in the product.
b. The reaction did not go to completion, but instead achieved equilibrium.
c. A molecule of water contains only one oxygen atom and therefore weighs less than
an oxygen molecule.
d. There is much more space between the water vapor molecules compared to oxygen.
Therefore, the same about of water vapor is less dense.
e. Hydrogen is a lighter gas than oxygen, so when it binds with the oxygen, the resulting
water vapor weighs less than the oxygen itself.
f. By the law of conservation of mass, this is only possible if some of the hydrogen or
oxygen were lost during the reaction.
4. What is the significance of knowing the number of moles in a given sample of a
substance? In other words, why do you try to determine the number of moles?
a. If we know the number of moles, we have effectively “counted” the particles.
b. If we know the number of moles, we can determine how much of the substance is left
over after a reaction.
c. If we know the number of moles, we can determine how much mass is present.
d. Knowing the number of moles allows for a convenient conversion factor for mass
useful for chemical calculations.
e. None of these is a good reason.
5. Avogadro’s hypothesis states that, at fixed T and P, two equal volumes of gas contain the
same number of molecules. The best data to establish that this is true is:
a. At fixed T and P, gas molecules are all about the same volume.
b. At fixed T and P, gases react in simple integer ratios by volume.
c. At fixed T and P, gases obey the Ideal Gas Law.
d. At fixed T and P, gas molecules have the same kinetic energy.
6. What trends are observed as the atomic numbers of the halogens increase? (May have
multiple answers.)
a. Atomic size increases.
b. Electronegativity decreases.
c. First ionization energy increases.
d. The number of valence electrons increases.
e. All of the above are observed.
7. The electron configuration for beryllium is 1s22s2 rather than 1s22p2. Why is the 1s22s2
configuration lower in energy than 1s22p2?
a. The 2s subshell is full and is thus energetically favorable over the partially filled 2p
subshell.
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b. The 2s orbital is lower in energy for Be because electron-electron repulsions in the 2s
orbital are less than in 2p orbital.
c. The 2s orbital is smaller than the 2p orbital so that electrons in the 2s orbital can get
closer to the nucleus and be lower in energy.
d. Spheres (s orbitals) are a lower energy shape than the elongated “dumbbells” of the p
orbitals.
e. All of the above.
8. The correct electron configuration for chlorine is 1s22s22p63s23p5 (abbreviated as
[Ne]3s23p5). Assess the accuracy and logic of each of the statements below regarding
chlorine and select the best choice.
I. Every electron in the 3s and 3p shells of Cl feels about the same nuclear charge.
II. There is space for only one more electron in the 3p orbitals of Cl.
III. Therefore, electrons feel a high attraction to Cl so that Cl has a high electronegativity and
electron affinity.
a. Statements I and II are true and lead logically to Statement III.
b. Only Statement I is true and Statement II is false, therefore Statement III does not
follow logically from I and II.
c. Statement I is false and Statement II is true, therefore Statement III does not follow
logically from I and II.
d. Statements I and II are true, but Statement III is only partially true.
e. Statements I and II are false, but Statement III is true.
f. All statements are false.
9. Assess the accuracy and logic of each of the statements below and select the best choice.
I. When excited, each atom has a characteristic set of frequencies of radiation that it emits.
II. Each frequency corresponds to a specific energy of the atom.
III. Because there are only specific energies this shows that energy is quantized.
a. All statements are true and logical.
b. Only Statement I is true, but Statements II and III are not logical consequences of
Statement I.
c. Statements I and II are true, but Statement III is not a logical consequence.
d. Statements I and III are true even though Statement II is not a logical consequence of
Statement I.
e. Statement I is false, yet Statement II is true and the logical consequence is Statement
III.
f. All statements are false.
10. Consider the Lewis structures for HFCO. Which of the following assessments is correct?
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a. Structure A is incorrect because a lone pair on oxygen should be shifted to make a
double bond between the oxygen and carbon atoms.
b. Structure A is incorrect because it does not account for all of the valence electrons.
c. Structure B is incorrect because the double bond creates a formal charge on the
carbon and oxygen atoms.
d. Structure B is incorrect because the double bond should be between the fluorine and
carbon atoms rather than the oxygen and carbon atoms.
e. Structures A and B are equally correct resonance structures.
11. Sulfur chloride (SCl2) and calcium chloride (CaCl2) have similar chemical formulae. At
room temperature, sulfur chloride is a liquid and calcium chloride is a solid. The difference
in state between the two chlorides is due to the presence of strong interactions in which
substance and why?
a. SCl2 because the difference in sizes (S is smaller than Ca) creates stronger
intermolecular interactions.
b. CaCl2 because the bonds in CaCl2 are not easily broken, but the bonds in SCl2 are
easily broken.
c. CaCl2 because of the greater polarity of the bonds in CaCl2 compared to SCl2.
d. SCl2 because it is covalently bonded.
e. CaCl2 because it is ionically bonded.
12. The molecule (PCl5) is observed not to have a dipole moment. This is because:
a. There are no lone pairs of electrons on the central atom.
b. There are two lone pairs of electrons on the central atom, but due to repulsion, they
are on opposite sides of the central atom and cancel out.
c. P and Cl are close in the periodic table, so they have very similar electronegativities,
and as such, the P-Cl bonds are not polar.
d. The polarity of the P-Cl bonds cancel out due to the geometry of the molecule.
e. As a gas and liquid PCl5 is not ionic, but rather the bonds are covalent.
13. In the nitric acid molecule (H-O-NO2), the three oxygen atoms are attached to the
nitrogen. Of the three O-N bonds, two have the same length and are shorter than the third.
The best reason for this observation is:
a. There are two double NO bonds and one single NO bond.
b. There are two single NO bonds and one double NO bond.
c. There are two resonance structures with two single bonds and one double NO bond.
d. There are three single NO bonds, but one bond is longer due to the electronegativity
of the H atom.
e. There are three single NO bonds, but one bond is longer due to the greater repulsion
with a lone pair of electrons on the N atom.
14. Which of the following is the predicted shape of nitrogen bromide (NBr3)?
a. Trigonal planar
b. Trigonal pyramidal
c. Tetrahedral
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d. T-shaped
e. See-saw shaped
15. The reason for your answer above is:
a. Nitrogen forms three bonds that equally repel each other to form a trigonal planar
shape.
b. The polarity of the nitrogen-bromine bonds determines the shape of the molecule.
c. The difference in the electronegativity for bromine and nitrogen determines the shape
of the molecule.
d. The geometry is determined by the repulsion of the electronegative bromine atoms.
e. The tetrahedral arrangement of the bonding and non-bonding electron pairs around
nitrogen results in the shape of the molecule.
16. If the total bond energy in the starting materials is less than the total bond energy in the
products, is the reaction is exothermic or endothermic?
a. Exothermic
b. Endothermic
c. Cannot be determined from this data
17. A 100g block of iron at 100°C is placed in contact with a 100g block of iron at 30°C.
What will happen?
a. Heat transfer does not occur between solids so the temperatures of both blocks
remain constant. Another medium for heat transfer (e.g., air) is required.
b. The hotter block contains greater energy, so the final temperature equals the
temperature of the hotter block.
c. The hotter block contains greater energy, so the final temperature is
closer to the temperature of the hotter block.
d. The cooler block absorbs energy and the hotter block loses energy, so the final
temperature is half way in between the starting temperatures.
e. The cooler block absorbs the energy of the hotter block bringing both blocks to the
lower temperature.
18. As shown below, 100 g block of substance X has been heated to 100°C and dropped into
a beaker of 100 ml of water at 25°C. A 100 g block of substance Y has also been heated to
100°C and dropped into another beaker of 100 ml of water at 25°C. The final temperature of
the water in the beaker containing substance X is greater than that of substance Y. Which
substance has the higher specific heat capacity (per gram)?

a. Substance X
b. Substance Y
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c. The heat capacities are equal.
d. Cannot be determined from the information given.
19. Which of the following accurately describes the relationship between volume and
pressure in an ideal gas (temperature and amount of gas held constant)?
a. As pressure increases, volume increases.
b. As pressure decreases, volume increases.
c. As pressure increases, first the volume decreases, but then it starts to increase again.
d. There is no relationship.
e. Insufficient information to determine this.
20. Which of the following is the best theoretical explanation for the relationship between
volume and pressure in an ideal gas (temperature and amount of gas held constant)?
a. As the volume of a vessel decreases, the molecules begin to stick together and
therefore collide less with the walls. Fewer collisions with the walls means the pressure
decreases as well.
b. As the volume of a vessel increases, the surface area increases. Since the total
number of molecules remains the same, the number of molecules hitting a particular
area decreases. By the definition of pressure, this means that the pressure is decreasing.
c. As the pressure increases, the molecules are hitting the walls of the vessel with more
force. This pushes the walls out, so the volume increases as well.
d. As the volume decreases, the molecules begin to repel each other. This causes them
to hit the walls more often. By the definition of pressure, this means that the pressure is
increasing.
e. Pressure is how many molecules are hitting the walls, while volume is how much
space the molecules are taking up, so there is no relationship between them.
f. None of these is a good explanation.
21.
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a. AHGB
b. EHGB
c. EHDF
d. EHGBC
e. AEHGBF
f. EHGBCF
g. EHGBDCF
h. EAHGBDF
22. Consider a closed system with liquid-vapor equilibrium as illustrated in the Figures A
and B. By moving the piston up from its position in Figure A, the volume is increased in
Figure B. After equilibrium is reestablished in Figure B, which of the following will be true?

a. The vapor pressure will remain the same in Figures A and B, since it depends only on
the temperature.
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b. The vapor pressure in Figure B will be lower, since pressure is inversely proportional
to volume.
c. The vapor pressure in Figure B will be higher in order to fill the increased volume.
d. Because the pressure is below the vapor pressure in Figure B, the vapor will
condense into the liquid.
e. Because temperature is proportional to pressure, the temperature will be lower in
Figure B.
23. At ambient conditions, water (H2O) is a liquid and methane (CH4) is a gas. Why are
water and methane found in different physical states at the same temperature and pressure?
a. Water can only form half as many hydrogen bonds as methane.
b. The covalent bonds in water are not as strong as those in methane.
c. Water molecules take up less space than methane molecules, so water is easier to
condense.
d. Water molecules are heavier than methane molecules, so water is easier to condense.
e. Water molecules have stronger intermolecular interactions than methane
molecules.

24.
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a. HA, HB and HC are all strong acids.
b. HA, HB and HC are all weak acids.
c. HA and HB are weak acids and HC is a strong acid.
d. HA and HC are weak acids and HB is a strong acid.
e. HA is a weak acid and HB and HC are strong acids.
25. Assess the accuracy and logic of each of the statements below and select the best choice.
I. A strong acid is more concentrated than a weak acid.
II. As acid concentration increases, the percent ionization of the acid molecules increases.
III. With a higher ionization percentage, the pH of a strong acid solution is lower than the
pH of a weak acid solution at the same concentration.
IV. With a lower pH, a strong acid can fully neutralize a base solution whereas a weak acid
only partially neutralizes a base solution.
a. All statements are true and follow logically.
b. Statements I, II, and III are true, but Statement IV does not follow logically.
c. Statements I and III are true, but there is no logic in the statements.
d. Statements II and III are true and lead logically to Statement IV even though
Statement I is false.
e. Only Statement II is true and there is no logic in the statements.
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f. Only Statement III is true and there is no logic in the statements.
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Name:

Age:

Gender:

If employed, average hours per
week:

I have access at home to:

a computer

the web

neither

Have you used Oakton computers before?

Y

N

My last chemistry course with a
“C” or better was
________________________,
taken at
_______________________ in
__________ (year).
It was
___________________________ .

My last math course with a “C” or better was
(name/#)
________________________________________,
taken at
_______________________________________ in:
FA SP
SU
of ___________________ (year).

(first word that comes to mind?)

Have you participated in a group project before?
Y
What one word describes your experience with the group?

N

College goals (Program? Major? Field of interest?):

Is this your first online course?
Y N
If no how many online courses
have you taken?

Level of obligation to family responsibilities:
part-time

full-time

none

Disagree
Agree
1

2

3

4

5
I am looking forward to this course
Please explain your rating:

Lowest grade I would be
List the other courses you are enrolled in either at Oakton
satisfied with in this course:
or another college (include meeting times):
Course w/number
Meeting days
Times
_______________
I think I will probably earn a(n)
_________.
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What if any, fears do you have
about taking this course?

Circle the word(s) that most closely describe(s) you:
Leader

Follower

Organized

Unorganized

Logical

Analytical

How many hours do you expect or plan to spend on this course outside of class each week. PLEASE
DO NOT LEAVE THIS BLANK. Just make a rough estimate if you wish; it can be a range of hours,
but please use numbers (i.e., not “a lot”).
How much time would you consider to be an “excessive” amount of time to spend on this course in a
week?
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Figure 58: Elements of an Educational Experience (Garrison et al., 2000)

Table 45
Community of Inquiry Coding Scheme
Elements
Cognitive presence

Social presence

Teaching presence

Categories
Triggering Event
Exploration
Integration
Resolution
Affective
Open communication
Group cohesion
Design and organization
Facilitating discourse
Direct instruction

(Garrison et al., 2006, p. 5)

Indicators (examples only)
Sense of puzzlement
Information exchange
Connecting ideas
Apply new ideas
Expressing emotion
Risk-free expression
Encouraging collaboration
Setting curriculum and
methods
Sharing personal meaning
Focusing discussion

APPENDIX E

SMALL GROUP COLLABORATION MODEL DIAGRAM

Figure 59: Small Group Collaboration Model Diagram

Before small group

*Main input
- Prior knowledge
* Catalyst input
- Group task
* Other inputs
- Instructional
design
- Members’
personalities
- Pre-existing
friendship

Inputs

Equality

Shareness
Social
communication

During small group

Quantity

Managerial
communicatio
n

Cognitive
communication

Students’ collaboration process

Teacher’s facilitation process
- Direct instruction (cognitive)
- Instuctional management
(managerial)
- Building understanding (social)

Small Group Activity

Whole Group Activities

After small group

Learning outcomes
*Main outcome
- Constructed
knowledge
* Catalyst outcome
- Task product
* By-product
outcomes
- Satisfaction
- Perceived
learning
- Grade
- Small group
membership
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Online Self-Diagnostic Test

From: Elizabeth Kershisnik
To: dietmark@athabascau.ca
Sent: Sat, 19 Jul 2014 15:53:06 -0600 (MDT)
Subject: Online self-diagnostic test
Dr. Kennepohl,
I am a chemistry professor at Oakton Community College in Des Plaines, Illinois, where I teach
Introductory and General Chemistry. I am currently working on my doctorate in Instructional
Technology and read with great interest the article "Using an Online, Self-Diagnostic Test for
Introductory General Chemistry at an Open University". My research entails using the
Community of Inquiry framework in an online environment to affect critical thinking, and
cognitive achievement. I am thinking at using your self-diagnostic test as a pretest to determine
critical thinking skills, and basic skills used in general chemistry. I believe this test would give
me the needed information on student background knowledge and allow for comparisons across
different sections of the same course. Would you be willing to share your test questions?
Thank you in advance for your consideration.
Elizabeth Kershisnik
Professor of Chemistry
Division of Science & Health Careers
Oakton Community College
Email: ekershis@oakton.edu
Phone: 847-376-7802

From: Elizabeth Kershisnik
To: Dietmar Kennepohl
Sent: Tue, 22 Jul 2014 18:23:39 -0600 (MDT)
Subject: Re: Online self-diagnostic test
Dr. Kennepohl,
Thank you for the opportunity to use the diagnostic test. Could you please
let me know how I can access it.
Thank you in advance.
Elizabeth Kershisnik
Professor of Chemistry
Division of Science & Health Careers
Oakton Community College
Email: ekershis@oakton.edu
Phone: 847-376-7802
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From: "Dietmar Kennepohl" dietmark@athabascau.ca
Date: Wed, July 23, 2014 9:04 pm
To: "Elizabeth Kershisnik" ekershis@oakton.edu
Subject: Re: Online self-diagnostic test
The JCE article would have details including supplementary materials.
http://pubs.acs.org/doi/abs/10.1021/ed900031p
The diagnostic can also be accessed directly
at: http://www.athabascau.ca/courses/chem/217/am_i_ready/
Let me know if this is helpful. If not, when I get back home next week I will follow up.
Cheers, Dietmar

Dear Professor Kershisnik:
No problem, you are welcome to use and adapt this. Please just attribute/reference the work.
Thanks.
Cheers, Dietmar

Chemistry Concept Reasoning Test

Subject: Chemistry Concept Reasoning Test
From: John Hutchinson
Date: Sun, January 12, 2014
To: ekerhis@oakton.edu
Dear Elizabeth:
Thank you for your interest in the Chemistry Concept Reasoning Test. We are happy to share it
with you for use with your General Chemistry students. Please see the attached pdf files, which
can be opened with the password IEeaENar. Also included is an excel file of the exam keys.
Please do let us know if you find the questions of use in your course.
We always welcome feedback and like to know if you use some or all of
the questions.
Best regards,
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John Hutchinson
-***********************
John S. Hutchinson
Dean of Undergraduates
Professor of Chemistry
Rice University
713-348-4996
jshutch@rice.edu
***********************
"Nothing happens until you do something."
-Owen Hopkins
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On Apr 5, 2016, at 2:12 PM, Elizabeth Kershisnik <ekershis@oakton.edu> wrote:
Dr. Garrison,
I am a graduate student at Northern Illinois University working on my dissertation using the
community of inquiry in online chemistry courses. I am currently writing my dissertation and
would like to use your practical inquiry model figure from the "Critical Thinking, Cognitive
Presence, and Computer Conferencing in Distance Education" 2001 article. This is figure 1 on
page 9. Could you please let me know if I have permission to use this figure.
Thank you in advance.
Elizabeth Kershisnik
Professor of Chemistry
Division of Science & Health Careers
Oakton Community College
Email: ekershis@oakton.edu
Phone: 847-376-7802

Elizabeth,
You have my permission to use the Practical Inquiry figure.
Best wishes,
DRG
Sent from my iPad
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Hi Elizabeth,
Will the data just be collected in one department? If so, you just need approval from the chair
and any instructors involved. If it will involve more than this, more information is available
here: http://www.oakton.edu/about/officesanddepartments/oir/review/index.php

Maya,
I need to start the process of getting an IRB done for data I would like to collect during the
summer of 2015. Could you let me know where I can find the forms or who I should contact
about this.
Thanks!
Elizabeth Kershisnik
Professor of Chemistry
Division of Science & Health Careers
Oakton Community College
Email: ekershis@oakton.edu
Phone: 847-376-7802

This is very helpful. Thank you! As long as you have permission from the chemistry department
chair, you will not have to go through the IRB approval process. If I can do anything to help
with your research, please be sure to let me know. I hope that you are well!
Maya Evans

Maya,
I will be collecting data in two online chemistry courses I will be teaching. I will be using this
information for my dissertation. Not sure if that changes what forms.
Thanks.
Bess
Bess,
I'm surprised that nothing more is needed. If you need my approval, you
certainly have it. I am not sure what I am approving, however. Do you
have a summary of some kind? Does it matter?
Gary Mines, Ph.D.
Professor and Coordinator of Chemistry
Oakton Community College
(847)376-7028

On 12/1/2014 9:35 AM, Elizabeth Kershisnik wrote:
Gary,
I am looking at collecting data from my summer CHM 101 and CHM 105 courses
for my dissertation. I contacted Maya Evans (see below) to see about IRB
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approval. It appears I just need approval from you to collect the data.
Could you reply back and let me know what you think.
Thank you.
Bess
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Approval Notice
Initial Review
11-May-2015
TO: Elizabeth Kershisnik
Educational Technology, Research, and Assessment
RE: Protocol # HS15-0143 “Collaboration and critical thinking in an online chemistry
environment”
Your Initial Review submission was reviewed and approved under Expedited procedures by
Institutional Review Board #1 on 11-May-2015. Please note the following information about
your approved research protocol:
Protocol Approval period: 11-May-2015 - 10-May-2016
If your project will continue beyond that date, or if you intend to make modifications to the
study, you will need additional approval and should contact the Office of Research Compliance
and Integrity for assistance. Continuing review of the project, conducted at least annually, will be
necessary until you no longer retain any identifiers that could link the subjects to the data
collected. Please remember to use your protocol number (HS15-0143) on any documents or
correspondence with the IRB concerning your research protocol.
Please note that the IRB has the prerogative and authority to ask further questions, seek
additional information, require further modifications, or monitor the conduct of your
research and the consent process.
Unless you have been approved for a waiver of the written signature of informed consent, this
notice includes a date-stamped copy of the approved consent form for your use. NIU policy
requires that informed consent documents given to subjects participating in non-exempt research
bear the approval stamp of the NIU IRB. This stamped document is the only consent form that
may be photocopied for distribution to study participants.
It is important for you to note that as a research investigator involved with human subjects, you
are responsible for ensuring that this project has current IRB approval at all times, and for
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retaining the signed consent forms obtained from your subjects for a minimum of three years
after the study is concluded. If consent for the study is being given by proxy (guardian, etc.), it is
your responsibility to document the authority of that person to consent for the subject. Also, the
committee recommends that you include an acknowledgment by the subject, or the subject's
representative, that he or she has received a copy of the consent form. In addition, you are
required to promptly report to the IRB any injuries or other unanticipated problems or risks to
subjects and others. The IRB extends best wishes for success in your research endeavors.
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CONSENT FORM-for adults (18 or older)

I agree to participate in the research project titled Collaboration and Critical Thinking in an
Online Chemistry Environment being conducted by Elizabeth Kershisnik, a faculty member at
Oakton Community College and graduate student at Northern Illinois University. I have been
informed that the purpose of the study is to examine collaboration and its relationship to
students’ critical thinking and cognitive achievement within online chemistry courses.
I understand that if I agree to participate in this study, I will be asked to complete normal course
activities like submission of homeworks, labs, quizzes and participation in class discussion
threads throughout the course term.
I am aware that my participation is voluntary and may be withdrawn at any time without penalty
or prejudice, and that if I have any additional questions concerning this study, I may contact
Elizabeth Kershisnik at 847-376-7802 or email ekershis@oakton.edu or Hayley Mayall at (815)
753-4710 or email hmayall@niu.edu. I understand that if I wish further information regarding
my rights as a research subject, I may contact the Office of Research Compliance at Northern
Illinois University at (815) 753-8588.
I understand that the intended benefits of this study include developing students’ critical thinking
skills, which could improve academic performance, productivity in the workplace and improved
decision-making. I also understand this research will add to the body of knowledge in the field of
education by developing a better understanding of collaboration and critical thinking in scientific
disciplines.
I understand that any risks, discomforts, or inconveniences will be minor and are not likely to
happen. If discomforts become a problem, I may discontinue participation in the study. I
understand that all information gathered during this experiment will be kept confidential by
means of a code number. My name will not be used in any of the information obtained from this
study or in any of the research reports. When the study is finished, the list that shows, which
code number goes with my name, will be destroyed. Any information used for publication will
not identify me individually.
I understand that my consent to participate in this project does not constitute a waiver of any
legal rights or redress I might have as a result of my participation, and I acknowledge that I have
received a copy of this consent form.
__________________________________________________
Signature of Subject

______________________
Date

